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ABSTRACT 1 
The thesis embodies characterization of a virus isolate 
infecting carrot (Paucus carota var. sativa) tentatively called 
Carrot Yellow Mosaic Virus (CYMV). A review of literature of 
viruses infecting umbelliferae has been given. The results 
have been discussed with particular reference to viruses affect-
ing carrot. 
The diseased plants of carrot were stunted,leaves slightly-
curled and had yellow mosaic symptoms. The virus was transmitted 
through sap inoculation to plants distributed in 10 families. 
The virus was not transmissible through the seeds of infected 
plants, and seven aphids viz. Aphis craccivora, _A. gossypii, 
A. nymphae, Acyrthosiphon pisum, Brevicoryne brassicae, 
Macrosiphonella sp. and Myzus perslcae failed to transmit the 
virus by any mode of transmission. It did not produce visible 
symptoms in Brassica rapa cv. Purple Top /fhite, Centaurea moschata, 
Coriandrum sativum, Petroselinum hortense, Raphanus sativus and 
Stellaria media, but was recovered on back inoculation to 
Chenopodium amaranticolor. CYMV had thermal inactivation point 
between 55 and 50"C, ageing in vitro of 102 hours at room 
~U -5 
temperature (8-18°C) and dilution end point between 10 and 10 
Purification schedule included clarification of sap with 
10% butanol and 2% triton X 100, PEG precipitation followed by 
differential centrifugation. Further purification was achieved 
through rate zonal density gradient centrifugation in sucrose. 
Examination of the tubes after density gradient centrifugation 
z 
revealed a single light scattering zone 21 - 24 mm below the 
meniscus. The virus particles had maximum UV absorption at 
258 nm and minimum UV absorption at 238 nm. Electron microscopy 
of the negatively, stained (with 2% uranyl acetate) purified 
virus revealed long flexuous particles measuring 950x21 nm . 
CYMV was found to be moderately immunogenic (titre 1:1024). It 
did not show any serological relationship with tobacco mosaic, 
potato virus Y, celery mosaic (type strain, parsley strain and 
poison hemlock strain), parsnip mosaic and turnip mosaic viruses. 
This virus isolate is not identical to any carrot virus 
reported so far, however, it resembles in several respects to 
carrot latent virus (CLV), throgh it differs from CLV in not 
being carried through the seed of infected plants. CYMV may be 
a distinct strain of CLV. Tentativety for the present isolate, 
the name carrot yellow mosaic virus (R/^ (.» */^(.> E/E, S/^) is 
suggested. 
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Chapter - I 
1 
INTRODUCTION 
Vegetables constitute a large and varied group of 
considerable importance in the world's commerce. The Impor-
9 
tance of vegetables as an important part of human diet and their 
essentiality for a balanced diet and maintenance of good health 
has been recognized all over the world. Though the vegetables 
are seasonal and highly perishable, they are the cheapest 
source of many vitamins and minerals in human diet. Vegetables 
are cultivated in all seasons and in a variety of ecological 
habitats, but they are more common in winter. On the basis 
of plant parts consumed, the vegetables are classified as root, 
biolb, stem, leaf, flower, fruit and seed vegetables etc. The 
digestible contents in vegetables are generally water systems 
of carbohydrates, protein and fats, so they are readily 
digested. Proteins are in colloidal state in water system and 
fats are held in an emulsion. The vegetables rank next to 
cereals as sources of carbohydrate food. Vegetables play a 
relatively minor role in the total carolific content of the 
diet, except potato, sweet potato, and banana which supply an 
appreciable amount in low cost diets, however, the nutritive 
value of vegetables is tremendous because of the presence of 
indispensable mineral salts and vitamins. Generally the 
protein content of vegetables varies from 1-2 pei;fcent except 
leguminous vegetables which are very rich in it. The small 
quantity of protein present in leafy vegetables is of a very 
high biological value. In addition to being a rich source of 
vitamins and minerals, the vegetables also serve as the main 
supplier of bulk or fibres to the diet, which untill recently 
had been an ignored component of human diet. Chemically the 
fibre consists of pectin, cellulose, hemicellulose'and lignin, 
which are not broken up by digestive enzymes of hioman system. 
The bulk of the fibrous frame work of leaves, stems and even 
bulbs, tubers and roots of vegetables yield a spongy mass, 
which not only helps to satisfy our appetite but also assist 
in pushing the food through digestive canal, thus preventint; 
constipation. Deficiency of fibre in human diet causes a 
number of disorders like diverticular diseases, appendicitis 
and colon cancer. Vegetables play an important role in 
neutralizing the acids produced during the digestion of meat 
and other fatty foods. Mineral salts and their mild acid 
Juices and compounds further help in the intestinal activity 
with their laxative effect. 
According to the latest information available, the 
area under vegetable cultivation in our country is in the order 
of 2,5 per cent of the total cropped area (about 16 lakh 
hectares under vegetables and tuber crops), but in our country 
the yield per hectare is very low in comparison to developed 
countries. 
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Many diseases including fungal, bacterial, viral and 
physiological disorders cause a lot of reduction in the yield 
of vegetables. Virus diseases are quite important as they not 
only affect the quality of vegetables but generally render the 
whole crop unmarketable. 
The carrot (Daucus carota - family Umbellifefae) is a 
very popular root vegetable, grov/n throughout the world. In 
India, it has probably been in cultivation from a very remote 
period. At present carrots are grown nearly throughout India 
on a commercial scale, as well as in kitchen gardens. The 
carrot is important as it has three-fold utility, being used 
as food, fodder and drug. Its importance is increasing due to 
the fact that its value in the diet is now better xinderstood. 
It is especially desirable for children and its use is 
advocated by doctors and dieticians. The root is nutritious 
and tasty, and is eaten raw as well as in many cooked forms. 
The carrot is valued as food because of high carotene content, 
which is the precursor of vitamin A. It also contains appreciable 
quantities of thiamine, riboflavin and vitamin C. The fruits 
hold a place among our stimulated diuretic j, the action being 
apparently due to the volatile oil which they contain, acting 
locally upon the vessels, or nervous structures of the kidney, 
during its excretion. 
Carrot is attacked by a large number of diseases including 
fungal (Jenkins £t aJb., 1986; Soteros, 1979a,b; Sharman and 
Heale, 1979; Taylor, 1970) bacterial (Perry and Harrison,1979; 
i 
Pfleger £t al., 1974) nematode (Sasser, 1984j Jones, 1950 
Sprau, 196O; Kuiper, 1963)» mycoplasma (Maramorosch, et al,, 
1970) and viral (Chod, 1965;1984; Costa et al., 1975; Dijk 
and Bos, 1985; Douine, 1976; Heinze, 1968; Howell and Mink, 
1976a; Hull. 1969; Iwaki and Komuro, 1970; Murant, 1972,1974, 
1975; Ohki et al., 1978; Stubbs, 1948,1952,1956; Waterhouse, 
1985; Vfetsonejt al., 1964; Wolf and Schmelzer,l973). A review 
of literature has shown that there are atleast fourteen virus 
disease causing heavy losses to this important vegetable crop, 
but there is no reported occurrence of a virus disease of 
carrot from India. A survey was carried out in the year 1981-82 
for the viruses infecting carrot crop in Aligarh (U,P.,India), 
The investigation revealed the presence of a severe virus 
disease, characterized by yellow mosaic symptoms, prevalent 
in Kasimpur area of Aligarh. The present investigation was 
taken up to characterize the virus causing yellow mosaic disease 
in carrot. 
FitS' 1 iJa tural ly in fee ted p l a n t s of c a r r o t shOvvin^ 
yt'llOA' mosaic and s l i g h t curlifij^ in l e a v e s . 
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REVIEW OF LITERATURE 
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Alfalfa Mosaic Virus (AMV) : 
Alfalfa mosaic virus is a wideCspread, common virus 
r 
infecting a variety of plants and consisting of many strains 
that differ in symptomatology on various hosts (Hull, 1969). 
Among Umbelliferae, celery has long been recognized as a suscep-
tible host (Snyder and Rich, 19^2; Hollings, 1954), It has 
also been found to infect parsely and carrot (Campbell and 
Melugin, 1971; Wolf and Schmelzer, 1973; Douine, 1976). 
Hollings (I960, 1964) studied the properties of five 
viruses of celery (Apium gravedens) in England. The isolates 
included cucumber mosaic and lucerne mosaic, both prevalent, 
celery yellow vein, celery yellow spot and celery yellow net 
viruses, Arabis mosaic and tobacco necrosis viruses were also 
recorded. Tomato aspermy and tobacco ringspot viruses were 
not found on celery, though affecting it in other countries. 
Three other viruses found had a restricted host range and 
difficult to purify and transmit. Celery yellow net was 
found occasionally in Suffolk and W.Midlands, Affected plants 
had bright yellow flecks and hands sharply defined along the 
major veins and a less pronoiinced yellow netting of minor veins. 
Plants were stunted and leaves were distorted. 
6 
Campbell and Melugln (1971) reported the natural 
ouourrenot uf aLfaiTa inoeoia virus (AMY) on two prf»vlou0ly 
unrecorded hosts of family Umbelliferae viz, parsely (from 
which calico type of AMY was isolated) and carrot (from which 
an ordinary type of AMY was isolated). Both isolates produced 
chlorotic local lesions and systemic mottle in Chenopodium 
amaranticolor, chlorotic local lesions with etched rings 
followed by systemic mottle in Nicotiana spp. The viruses 
were purified by chloroform-butanol method with two cycles of 
differential centrifugation, followed by density gradient 
centrifugation. The isolates were identified as AMY on the 
basis of their serological reaction with AMY antiserum, 
particle morphology, aphid vector, host range and symptomatology. 
Wolf and Schmelzer (1973) isolated alfalfa mosaic, 
arabis mosaic (AMY), carrot mottle, celery mosaic, cucumber 
mosaic, nasturtium ring spot and tobacco rattle (iMaV) viruses 
from carrot plants with spotting, mottling, mosaic, line and 
ring patterns, malformation and dwarfing symptoms. Aphid 
transmitted viruses wer^  more common in GDR, while nematode 
transmitted AMY and TMaV were found only in the Spreewald 
region. Alfalfa mosaic, arabis mosaic, nasturtium ringspot, 
and tobacco rattle viruses were described for the first time 
on carrot plants. These viruses caused more than 50 per cent 
loss in carrot crops, 
Douine (1976) isolated a new strain of lucerne mosaic 
virus from carrot in South Eastern F^ tance, It differed from 
other strains of the virus in reaction on a range of differen~ 
tial hosts. The symptoms produced resembled closely that of 
cucumber mosaic virus. The virus was identified on the basis 
of electron microscopy and serological observations. 
Carrot Mosaic Ylms (CMY): 
Chod (1965a, 55b, 66) described a new virus disease of 
carrot occurring in all parts of Bohema and Movavia, 
Czechoslavakia, A distinct mosaic appeared in the second half 
of the first year, on outer leaves, inner leaver? generally 
remained vinaffected. Spots (1-2 mm), distinct in outline and 
varying in number were distributed all over the leaf blade, 
disappearing at the end of the year. In the second year the 
symptoms developed after 3-4 weeks growth of infected seedlings, 
middle and lower leaves were curled, red or orange spots some 
times appeared. Plants with large yellow spots had many weak 
stalks and umbels were often doubled over. Isolated yellow 
spots often appeared on stalks. Sometimes symptoms on older 
leaves gradually disappeared and the plant exhibited a typical 
yellow colour. Infected plants had a high turgor and remained 
upright in hot weather. Using cowpea as indicator plant, it 
was shown that th^ virus was unstable in crude sap and little 
infectivity was retained in dry leaves. The virus was trans-
mitted by sap to 11 plants distributed in 4 families. The 
virus was transmitted by aphids viz, Acyrthosiphon pisum, 
Cavariella aegopodii and Myzus persicae to carrot and eight 
other plant species in 4 families. Virus particles were fila-
mentous, 750 nm long and appeared relatively in small concen-
tration in carrot leaves. Symptoms, host range and the vector 
relationship confirmed that it was distinct from carrot motley 
dwarf virus and celery mosaic viruso 
Kitajima camargo and Costa (1968) studied* the morphology 
of carrot mosaic virus. In infected leaf preparations of 
various indicator plants spherical particles 25-30 nm, elongated 
particles 760 x 15 nm were observed. Characteristic inclusion 
bodies were observed in infected leaf tissue of coriander, a 
wild Apium and £. guinea, which were less frequent and more 
difficult to detect in celery and parsley leaves. Presence of 
elongated particles 740 x 15 nm in the leaf preparations of 
infected indicator plants suggest that the virus belongs to 
potyvirus group, 
Camargo £t al,(1971 «,t»)made electron microscopic examina-
tion of cytoplasmic inclusions and cell modifications associated 
with carrot mosaic virus occurring in Sao Paulo, Brazil» The 
virus induced mosaic and malformation in carrot leaves and was 
transmitted by sap and aphid. Electron microscopy of thin 
sections of infected leaf tissue of carrot and coriander 
revealed the presence of cytoplasmic inclusions, in the form 
of dense bands 0o34 x 4 nm in size and were detectable even with 
light microscopy. The bands were built of thin lamellae 10-15 
mu thick and closely apposed. Occasionally individual or group 
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of lamellae appeared free from bands producing pin wheels and 
rings. Carrot mosaic virus particles were sometimes observed 
in the vicinity of these inclusions, often parallel to their 
surface. These observations suggested that the virus belongs 
to potato virus Y group. 
Carrot Motley Dwarf Virus (CMDY)^ 
'Motley dwarf', an economically important virus disease 
of carrots, appears to have a world wide distribution. It was 
first reported in Australia (Stubbs and Grieve, 1944; Stubbs, 
1948,1952). Since then it has subsequently been recorded in 
Canada (Conners and Savile, 1948); Japan (Komuro and Yamashita, 
1956); USA (Stubbs, 1956); New Zealand (Chamberlain, 1959); 
England (Watson,1959»1960); Denmark (Jorgensen, 1962); Scot-land 
(Miirant and Goold, 1964); North Ireland (Anonymous, T964); 
Irish Republic (Anonymous, 1964); Germany (Heinze,1964; Wolf, 
1970; Wolf and Schmelzer, 1972). Carrot motley dwarf virus is 
actually caused by two viruses, carrot mottle and carrot red 
leaf viruses, which are transmitted together in a circulative 
manner by the willow aphid, Cavariella aegopOdii (Scopoli), 
Carrot motley dwarf virus was described as early as 
1944 by Stubbs and Grieve from Australia. In young carrot 
plants it caused stunting and slight twisting of petioles, and 
reduction of leaflets which emerged soon after infection, 
follwed by the appearance of a mosaic of light and dark green 
id 
areas on leaves. The petioles became twisted and the plants 
remained stunted and failed to produce marketable roots. Plants 
in an intermediate stage of development showed stunting of 
leaves and twisting of petioles; the outer leaves showed an 
irregular chlorotic mottle, replaced by marginal chlorosis, 
thus inturn giving way to marginal reddening. The inner 
leaves also showed some chlorosis. On plants approaching 
maturity, the petioles emerging soon after infection were 
distorted, twisted and shortened, so that the inner leaves 
had a rosette appearance. The petioles of the leaves were 
brittle and sometimes showed brown necrotic streaks. The 
disease was transmitted by Cavariella ae/^opodii, a common 
aphid pest of carrots. This virus diseases affected crops 
throughout Victoria, and also New South Wales, South Australia, 
Western Australia and Tasmania (Stubbs, 1948). The aphid 
vector (C. aegopodii) caused hundred per cent infection. The 
virus was also transmitted by grafting but not by sap or seed. 
Both wild and cultivated carrots were the only natural hosts. 
The host range included Apium amml, A. australe, Coniua 
macxolatum, Ammi ma .jus (dill) and Corlandrum sativum. All 
carrot varieties tested were susceptible. The aphid remained 
infective for 18 days, after 48 h of acquisition feeding. 
Infected roots when transplanted sufferred a high rate of 
mortality in those which survived. Seed production was greatly 
reduced. The virus was named as 'carrot motley dwarf virus' 
(Stubbs, 1952). It was transmitted by _C. aegopodii to tobacco 
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(Hickory pryor and Early Virginea), petunia, Datura, chilli 
and Nemesia. Local necrotic feeding lesions developed on older 
leaves after 8-13 days. Systemic symptoms developed after 
20-40 days, consisted of vein clearing, distortion and down-
ward cupping of lamina. The virus was successfully transmitted 
by sap from petunia to tobacco with the help of aloxite abrasive 
r 
and from tobacco to tobacco and Datura stramonium. Carrot sap 
did not cause excessive injury to carrot leaves, nor did infec-
tion occur. The virus could not be recovered in carrot from 
infected solanaceous hosts by mechanical or aphid inoculations, 
Stubbs in 1956 recorded this virus disease from California, 
a new record for U.S.A. The disease was found in San Joaquin 
Valley, at Davis, in Salinas area, and in Ventura county. 
The virus appeared to spread far less rapidly than in Australia. 
Komuro and Yamashita (1956) reported a virus disease of 
carrots from Kanto district of Japan. The disease appeared to 
be closely related to that caused by motley dwarf virus, reported 
by Stubbs (19^8) from Australia, It was transmitted by the 
aphid BrachvePlus heraclei but not by Myzus persicae or mecha-
nically or by seed. The acquisition period was 1-24 h, and 
transmission occurred after 24 h feeding; the vector remained 
infective for 15 days, with no apparent latent period. Carrot 
was the only natural host found, however, celery was experimen-
tally infected. 
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Watson (1959) isolated carrot motley dwarf virus from 
yellow, stunted carrot plants from Cambs, England. The virus 
was transmitted by an aphid in a persistent manner. The virus 
caused serious reduction of yield and quality of early crop 
(Chamberlain, 1959). It was found widely distributed in New 
Zeland. Carrot varieties Yates Top »veight and Sweep Crop were 
field resistant while Chantenay, Early Nantes, Early Horn and 
Manchester Table were susceptible. f/atson (i960) recorded the 
occurrence of this virus disease on carrot in 7 countries in 
England. Smith et al. (1950) suggested sowing, of resistant 
varieties during carrot aphid (Cavariella aegopodil) flight 
periods and insecticide spraying as control measures for carrot 
motley dwarf virus. Early soA/ing caused losses upto 50 per cent 
in ousceptible varieties. 
Watson -ind Serjeant (1963) while studying the host range 
of CMDV recorded Trifolium incarnatum, Nicotina xanthi and 
Phaseolus vulgaris as the additional hosts of the virus. Parsnip 
mottle virus was found to be different from CMDV in being able 
to infect parsnip and celery, and being transmitted by aphids, 
Afithjut the aid of red leaf or another carrier virus. CMDV 
reduced Autumn King carrot yields by 18 per cent, Chantenay by 
39 per cent and Sweet Crop by 46 per cent (Murant, 1963). 
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Tomlinson (1963a) studied the reaction of different carrot 
varieties to infection with a carrot motley dwarf virus (CMDV), 
Leaf symptoms were most severe on Early Nantes and Osborne 
Parke, and root yield was reduced by 42 and 40 per cent, respec-
tively. The mildest symptoms were produced in All Season, 
Kurnella Strong Top and Dandecrop with 31t 30 and 23 per cent 
r 
reduction in yield. CMDV was transmitted by Cavariella aegopodii 
after feeding for 15 min and even to some extent after 5 min 
(Tomlinson 1963b). 
Watson et ad. (1964) showed that motley dwarf disease of 
carrots is actually a disease complex, caused by carrot mottle 
virus (CMotV) and red leaf virus (RLV), CMotV was not trans-
mitted to carrot by sap inoculations, but was transmitted to 
some species of Solanaceae, Leguminosae and Chenopodiaccae^ On 
the other hand RLV had hosts only in family Umbelliferae, and 
was not sap transmissible, but was transmitted by grafting, 
_C. aegopodii transmitted the CMotV from plants that also 
contained RLV, The aphids were unable to transmit CMotV alone 
from coriander plants, but after these plants were infected 
with RLV by aphids, the aphids acquired and transmitted both 
viruses from them. Aphids remained infective with both the 
viruses for 1-2 weeks and retained infectivity throu'^ h molt. 
A minimum total of 9 h ic need, d for acqui -i' i on and tranr.-
mission; vector efficiency increased with increase in the 
feeding times upto several days. However, Tomlinson (I963a,b) 
noted that CMDV was transmitted by C, aegopodii after feeding 
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for 15 min and even to some extent after 5 min. Though sap 
inoculations transmitted the virus to Nicotiana clevelandii, 
it could not be transmitted to carrot either mechanically or 
through Cuscuta subinetusa. Symptoms were most severe on early 
Nantes and Osborne Parke and root yield was reduced by 42 and 
40 per cent, respectively. The mildest symptoms, were observed 
on All Season, Kurnella Strong Top and Dande Crop with 31, 30 
and 23 per cent reduction, respectively, in yield. Murant and 
Goold (1964) while studying the reaction of carrot varieties to 
CMDV found that Chantenay type carrot, Clucas New Stump Rooted 
was more tolerant to CMDV. 
Watson (1964) studied the transmission of parsnip mottle 
virus and CMDV by Cavariella pastinacae. The aphid transmitted 
the former but not the later. Goodman and Watson (1965) studied 
the change in carbohydrate concentrations in carrot plants due 
to CMDV infection. The concentrations of fructose, glucose 
and sucrose were increased in leaves. In roots the concentra-
tion of sucrose increased but fructose and glucose concentration 
dropped. 
Heinze (1968) reported that reddening symptoms on carrot 
and celery leaves in Berlin area were caused by a virus complex 
with three different components, one carrot mottle virus, which 
was mechanically transmissible to several LFrabelliferae but not 
carrot, and to some Solanaceae, Leguminosae and Chenopodiaceae. 
Also it did not infect parsnip and celery. Transmission of 
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this virus by C. aegopodii was possible only when the virus 
was combined with another component CRLV (probably seed borne, 
had only vector transmission and infected only Umbelliferous 
hosts). The third component parsnip mottle virus was transmitted 
mechanically and by C. aegopodii and C. pastinancae. It also 
infected celery and parsnip and induced symptoms' in Nicotiana 
clevelandii and Trifolium incarnatum, 
Murant jet £l, (1969) studied the properties of carrot 
mottle virus. The virus had a dilution end point of 10 , 
thermal inactivation at 70'C and ageing ini vitro at room 
temperature for 9-24 h. Electron microscopy of partially 
purified preparations and of ultrathin sections of Nicotiana 
clevelandii leaves revealed spherical particles of 52 nm diameter. 
In ultrathin sections, the particles were observed in the 
vacucsles associated with tonoplast. The particles were unlike 
any Known plant virus and probably contained lipid. 
Krass and Schlegel (1974) studied motley dwarf virus 
disease complex of California carrots and noted the presence 
of three morphologically distinct viruses» Samples were also 
taken from diseased fields in the Modesto and San Juan Bautista 
areas. The vector of the CMDV, C, aegopodii was found in 
infected carrot fields. In addition, large populations of 
Dyaphis apiifolia were found feeding on carrots. Aphids from 
diseased plants placed on healthy carrots transmitted a virus 
which produced yellow mosaic symptoms, although marginal 
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reddening associated with CMDV was lacking. The viruses were 
not transmitted through seed. Electron microsopic examination 
of partially purified virus revealed an abundance of 30 nm 
diameter particles, a few 50 nm diameter particles and long 
flexous rods (approx, 750 x 15 nm). Typical pinwheel 
iiffclusious were also observea in pome liltrathin,sections, 
Howell and Mink (1974) observed numerous carrots with 
motley dwarf like symptoms in the Puget Sound, Columbia Basin 
and Yakima Valley areas of Washington and in West Oregon, The 
identity of the disease was confirmed by successful transmission 
by the aphid vector _C. aegopOdii. 
Carrot mottle virus induced chlorotic local lesions 
in ChenopodiujT. guinea, dark brown local lesions in Phaseolus, 
yellow or slightly necrotic local lesions followed by systemic 
light and dark green mottle with slight stunting in N.clevelandii 
local silvery necrotic broken rings followed by systemic 
necrotic ring and line patterns in _N. tabacum cv. xanthi NC 
and systemic chlorotic mottle or yellowing with necrotic 
flecking and moderate stunting in coriander (Murant, 1974), 
Species of Umbelliferae became infected with carrot red leaf 
virus and carrot mottle virus by aphid transmission. CMDV was 
transmitted by the aphid C. aegopodii but not by C, pastinacae, 
—• theobaldii, Mvzus persicae and several other aphid species. 
The aphid acquired both the viruses after 30 min access to 
source plants, aphids given acquisition access feeds of 24 h 
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inoculated the virus to test plants in feeds of 2 min. In 
properties and particle morphology carrot mottle virus differed 
from all other well characterized plant viruses. It resembled 
tobacco mottle vimas and ground nut rosette virus in its 
ability to be transmitted by sap and by aphids in a persistent 
manner, and its dependence on a helper virus for.transmission 
by aphids. The virus had an average sedimentation coefficient 
of about 1.15. Spherical particles of C. 52 nm diameter were 
observed under electron microscopeo 
Murant (1975) reported natural accurrence of carrot 
mottle and red leaf components of carrot motley dwarf disease 
in Canada, He for the first time proved that bothcomponent 
viruses occur in North America, 
Yellowing or red leaf of carrot was studied by Costa 
et al, (1975) in Brazil. The disease resembled carrot motley 
dwarf and carrot red leaf viruses, and caused losses upto 50 per 
cent. The virus was transmitted by aphid (£. aegopodii), but 
not by sap or seed. Electron microscopy revealed isometric 
particles of 30 nm diameter and an elongated virus having 750 
nm long particles. Control measures suggested include isola-
tion of crops, vector control and the use of resistant varieties. 
Howell and Mink (1976b)studied incidence of carrot thin 
leaf vimis and carrot motley dwarf virus diseases in commercial 
carrots grown in Washington State during 1974 and 1975. Forty 
four carrot fields in 4 geographical regions were surveyed. 
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CMDV occurred at low incidence rates (0-16%) in all four 
regions, whereas carrot thin leaf virus often occurred at high 
rates (0-97%) in three regions surveyed in central Washington. 
Elnagar and Murant (1978) studied the relations of 
carrot red leaf and carrot mottle viruses with their specific 
vector, Cavariella aegopodii. These studies confinned the 
dependency of carrot mottle vimas on carrot red leaf virus for 
transmission by the aphid. In winter, aphid transmission of 
both viruses was greatly increased, when the source plants 
received supplementary lighting, whereas carrot mottle virus 
infectivity of sap was not increased. C, aegopodii acquired 
carrot red leaf and carrot mottle viruses after minimum acquisi-
tion feeding of 2 min with a minimum latent period of 7-18 h. 
The viruses were retained by the aphid after molting, but were 
not transmitted to progeny insects. Aphids allowed 24 h 
acquisition, continued to transmit them at least for 12 days. 
Murant and Roberts (1979) observed isometric particles 
of 22-25 nm diameter in ultrathin sections of leaves in the 
phloem tissue of chervil (Anthriscus cerefolium) infected with 
carrot red leaf virus. The virus particles were commonest in 
companion cells, occurred frequently in sieve elements and 
were found in phloem parenchyma. 
Murant (1978) studied the transmission of two virus 
complexes by their aphid vector Cavariella aegopodii. The 
results showed the existence of a specific site of retention 
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in an aphid vector for the parsnip yellow fleck virus (PYFV) 
and its helper virus Anthriscus yellows virus (AYV). PYFV 
depended on some kind of helper factor produced in AYV infected 
plants and perhaps facilitated attachment of its particles to 
the site of retention or protected them against inactivation 
by the aphid saliva, whereas carrot mottle virus possibly 
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depended on its nucleic acid becoming coated with carrot red 
leaf virus protein to prevent it from degeneration within the 
body of the aphid. 
Ohki et a]L_. (1979) observed spherical particles, 27 nm 
in diameter in the phloem tissue of carrot plants infected with 
carrot red leaf virus. Halk e_t al. (1979) made highly infective 
nucliecacid preparations of carrot mottle virus from _N. 
clevelandii leaves. The infective mater-ial had the properties 
of a single stranded RNA, It had an apparent mol. wt, of about 
1.5 - 1o6 X 10 in agarose-polyacrylamide gel. The RNA did 
not contain any considerable polyadenylate sequence or require 
an associated protein for infectivity. 
CRLV was shown to be distantly related to barley yellow 
dwarf, beet western yellows, potato leaf roll, soybean dwarf 
viruses (Waterhouse and Murant 1980), CRLV was purified from 
red leaf virus infected, chervil by centrifuging the whole plant 
extract at low speed and incubating the resuspended pellets 
with driselase; the digest was then treated with 1 per cent 
triton X-100 and the virus concentrated by two high speed 
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centrifugations through a layer of 20 per cent sucrose. The 
preparation contained isometric particles C. 25 nm in diameter, 
had a sedimentation coefficient (^pQ* ^^ °"^  ''^ ^ ^* ^ buoyant 
density in CcCl of 1.403 g/cm^ and A260/A280 ratio of 1.62 
(Waterhouse and Murant, 1981), 
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A leaf reddening of carrot and dill (Apium gravedens) 
was found associated with the presence of carrot red leaf 
virus (CRLV) in Australia (Waterhouse, 1985). The virus was 
identified on the basis of transmission by C, aegopodii, 
particle morphology, host range and serology. Carrot mottle 
virus was not found in any of the plants infected by CRLV. 
Carrot thin leaf virus : 
Carrot thin leaf virus, a very serious virus disease 
of carrot and other umbelliferae, has so far been reported only 
from U.S.A. (Howell & Mink, 1976a), They in the year 1973, 
isolated it from carrots (Daucus carrot var. Sativum ) grown 
commercially in central Washington. Naturally infected carrot 
plants, had twisting and narrowing of leaves, Characterstic 
symptoms developed 2-3 weeks after inoculation and included 
distortion and narrowing of leflet lobes of newly formed leaves, 
vein clearing, chlorotic spots and occasional faint mottUng on 
some of the wider leaflet lobes of carrot and coriander. The 
virus infected Nicotiana elevelandii, Anthriscus cerefolium 
Apium australe, Coriandrum sativum, Daucus carota var, sativum, 
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Pastlnaca satlva, Petrosellnxjm hortense and 10 other species 
belonging to Chenopodiacea^ Compositae and Legxaminosae. Nine 
species became infected, 2 displayed localised symptoms but 
the other seven were symptomless. The virus had a dilution 
end point greater than 10 , longevity i^ vitro at 22*0 of 2 days, 
and thermal inactivation between 50-55**C. Both ,the aphids 
Myzus persicae and Cavariella aegopodii transmitted the virus 
in a non-persistant manner. The virus was purified using 
chloroform for clarification of the sap, PEG precipitation, 
differential centrifugation and finally by density gradient 
centrifugation. Electron micrographs of the virus showei 
flexuous rod shaped particles ranging between 550-820 nm 
(Modal length 736 nm). The virus was named as carrot thin 
leaf virus and was placed in PVT group on the basis of particle 
morphology, vector relationship'and properties in crude sap. 
Howell and Mink (1976b) studied incidence of carrot 
thin leaf virus (CTLV) and carrot motley dwarf virus (CMDV) 
diseases in commercial carrots grown in Washington state during 
1974 and 1975. Forty four carrot fileds in 4 geographical 
regions were surveyed, CMDV occured at low incidence rate 
(0-16%) in all 4 regions, whereas GTLV often occurred at high 
rates (0-97%) in 3 regions surveyed in Central Washington, 
Occurrence of CTLV was also reported from Idaho, Howell and 
Mink (1977a & b) studied the role of aphids in the epidemiology 
of carrot virus diseases in Central Washington. The initial 
appearence of CTLV and CMDV in commercial carrot fields in 
Central Washington was corelated with May and June flights of 
Cavariella ae^ sjopodii during 1974 and 1975 o The subsequent 
spread was mainly attributed to the appearance of Myzus persicae, 
in carrot fields during July of both years. Secondary spread 
of CMDV apparently was limited by a wingless population of 
£• aegopodii to small group of plants located near the initial 
infection. Indexing surveys were also made throughout Central 
Washington during 1974-75 for natural weed hosts of CTLV and 
CMDV. CMDV was isolated only from wild carrot (D. carota) 
whereas CTLV was isolated from both poiscon hemlock and wild 
carrot. Gradients of CTLV and CMDV in commercial carrot fields 
adjacent to the infected weeds suggested that weeds were the 
primary source of both inocula in the Valla Valla. Valley. In 
the Columbia basin natural hosts for CTLV and CMDV were not 
found. However, volunteer carrots and overlapping growing 
seasrons helped in the perpetuation of viruses, 
Howell and Mink (1979) studied the effect of carrot 
thin leaf virus and carrot motley dwarf virus on the yield of 
carrots. Early infections with CMDV lowered Imperator 58 
carrot root yield by 44-79 per cent and seed yields by 62-83 
per cent in tests conducted in Washington from 1974-1976, 
CTLV reduced root yields by 14-28 per cent and seed yields by 
24-28 per cent. No seed transmission of th^ virus was observed 
and germination percentage of the seeds was same, as of seeds 
from healthy plants. 
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Carrot thin leaf virus (%, %fi^\i E/E, S/Ve/Ap.) infects 
several urabelliferae and a few species from other families, 
and is reported only from semi-desert areas of north-western 
U.S.A. The virus is transmissible by sap and by aphids 
(Myzus persicae and Cavariella aegopedii) in a non persistent 
manner, but not by seed. The virus has a thermal inactivation 
point of 50-55"C, dilution end point beyond 10 , and longevity 
in vitro of 2 days at 22"C. The particles are flextiousfilaments 
736 X 11 nm and have nucleic acid content of 4 per cent (based 
on 260/280 ratio 1:18). The virus appears to be weekly 
immunogenic (Homologous titre 1:64), The virus has many proper-
ties in common with members of the potyvirus group, but serolo-
gically unrelated to three potyviruses that infect umbelliferous 
crop plants (Clover yellow vein, parsnip mosaic, the type, 
pois^on hemlock and parsley strains of celery mosaic viruses) 
or to 10 other potyviruses (bean common mosaic, bean yellow 
mosaic, iris mild mosaic, peanut mottle, pea seed borne mosaic, 
potato virus Y, soybean mosaic, sugarcane mosaic,tobacco etch 
anc turnip mosaic viruses). The dinease causes twisting and 
narrowing of leaves of carrot ani coriander (Howell and Mink, 
1980). The virus can be detected in sap of infected plants by 
electron microscope serology. 
Celery Mosaic Virus (CeMV): 
Celery mosaic virus is the most prevalent of the virus 
diseases attacking Umbelliferous crops. The disease was first 
reported to occur in California infecting varieties of ccleriac 
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and carrot (Severin and Freitag, 1938), The virus was found 
to be transmitted mechanically and by aphids, but no specific 
vector was detected. Eleven species of the aphids failed 
to transmit the virus. It had a thermal inactivation point 
of 60**C, tolerance of dilution to 1:4000 and resistance to 
ageing in vitro of 7 days. Six species not breeding on 
celeriac were capable of transmitting the disease, as well as 
11 others (including Aphis gossypii, A. rumicis. Myzus persicae 
and M, circumf1exous) found breeding on celery. Large, smooth 
Praque celeriac, dill (Anethum gravealens), curled chervil 
(Anthriscus cerefolium), caraway (Carum carvi), coriander 
(Coriandrum sativum), carrot (Daucus carota sativa) and single 
or plain parsley (Petroselinum hortense) were experimentally 
infected by sap and by aphids. The disease was confined to 
family Umbelliferae, They further reported the natural infec-
tion of celery by celery calico, celery yellow spot, celery 
crinkle leaf, celery yellows and tomato spotted wilt viruses. 
Natural infection of carrots by western celery mosaic virus 
was also recorded by Milbrath (1948). 
Celery mosaic virus was first reported to occur in 
Germany by Golte (1957); in Japan by Iwaki and Komuro (1970); 
in Florida by Zitter (1970); in Canada by Kemp and Frowd (1975); 
in Hungary by Horvath e_t al. (1976); in Romania by Docea and 
Macovei (1979). 
Iwaki and Komuro (1970) reported the natural occurrence 
of celery mosaic and cucumber mosaic viruses on carrot in Japan. 
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Plants Infected with celery mosaic virus showed mosaic and 
occassionally fern leaf symptoms. Cucumber mosaic virus 
(ordinary strain) was found to infect carrots in Chiba and 
Hiratsuka province. 
Wolf and Schmelzer (1973) isolated alfalfa mosaic (LMV), 
arabis mosaic (AMY), carrot mottle (MSV), celery mosaic (SMV), 
cucumber mosaic (GMV), nasturtium ringspot (TRMV) and tobacco 
rattle viruses (TMaV), from carrot plants with spotting, mottl-
ing, mosaic line and ring patterns, malformations and dwarfing 
symptoms. Aphid transmitted viruses were more common in GDR, 
while nematode transmissible AMY and TMaY were found only in 
Spreewald region. LMY, AMY, TRMV and TMaV were described for 
the first time on carrot plants. These viruses caused more 
than 50 per cent losses to carrot crops. 
Kemp and Frowd (1975) isolated celery mosaic virus from 
stunted celery plants with vein clearing and leaf mottling, 
collected near Burlington, Ontario, Canada, The virus was 
identified on the basis of particle morphology, host range and 
serology. 
Zitter and Tsai (1977) studied the transmission of three 
potyviruses viz. Fla strain of celery mosaic virus and 2 strains 
of water melon mosaic virus by Liriomyza satlvae. The insect 
transmitted all the three potyviruses. Gracia and Feldman (1977) 
isolated celery mosaic virus from celery and Conium maculatum 
plants showing vein clearing and leaf mottling symptoms in 
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Mendoza, Argentina, Cucumber mosaic virus was also isolated 
from celery plants showing chlorotic mottling, line and ring 
patterns, leaf yellowing and reduction in leaf area with 
stunted or normal growth. The viruses were identified by 
electron microscopy, serology, host range and aphid transmi-
ssion, 
Buturac (1979) while studying this virus diseases of 
cultivated and wild Umbelliferae, recorded the natural occu-
rrence of celery mosaic virus on celery, parsnip, corizander, 
carrot and parsely. In inoculation tests wild Umbelliferae 
were also infected. 
Horvath (1979) studied the new artificial/ hosts and non-
hosts and their role in the identification ol bean common 
mosaic, celery mosaic (GMV) and Malva vein clearing viruses. 
In inoculation tests with GMV, a systemic and a new local 
lesion host (both Apiaceae) were found. About 13 plants useful 
in the separation of cucumber mosaic virus, which often 
occurred with CeMV were also identified, 
Chod (1984) detected the natural occurrence of celery 
mosaic virus in Nantes carrot. The virus was transmitted 
mechanically to carrot, Chenopodium quolnoa, C, amaranticolor, 
C. murale, Ammi ma .jus and celery. Electron microscopy revealed 
flexuous filamentous particles of 760 nm. The isolate reacted 
with the antiserum to celery mosaic virus. 
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Walkey and Webb (1984) studied the relationship between 
bean yellow mosaic (BYMV), bean common mosaic (BCMV), clover 
yellow vein (CYW), lettuce mosaic (LMV), potato virus Y (PVY) 
turnip mosaic (TuMV) and Celery (Western) mosaic viruses using 
simple and relatively rapid electron microscopic serology 
decoration tests. A close relationship was observed between 
BYNV and CYVY and between BYMV. Celery mosaic virus was found 
quite closely related to BYMV and CYVV. 
Cucumber Mosaic Virus (CMV) t 
Ronald (1961) isolated a yellow variant of CMV from 
carrot. The virus was identified on the manner of transmission, 
temperature inactivation and protection conferred on tobacco. 
It produced yellowish, minute confluent spots on 'Samsim' 
tobacco and did not resist a temperature of 20'C, The virus 
was named as cucumis virus-1 (CMV) var, carota. 
Iwake and Komuro (1970) recorded the natural occurrence 
of celery mosaic and cucumber mosaic viruses on carrot in Japan. 
Cucumber mosaic virus (ordinary strain) was found to infect 
carrots in Chiba and Hiratsuka province, inducing mosaic 
symptoms. 
Zitter (1970) found that all commercial varieties of 
celery grown in Florida were susceptible to cucumber mosaic 
(CMV) and Western Celery mosaic (WCMV) viruses. In the early 
stages of infection, both viruses produced similar symptoms, but 
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the symptoms were clearly distinguishable after 2-3 weeks. CMV 
produced vein clearing followed by necrotic specks, giving 
the plant a bronzed appearance. Petioles showed sunken brown 
spots and collapsed areas. Infected plants were most common 
during the fall and early winter months. Aphids were respon-
sible for field spread of both the viruses. Weed hosts were 
the primary source of inoculum for CMV but not for WCMV, for 
which only celery was demonstrated as the soiorce of inoculum. 
Gracia and Feldman (1977) isolated celery mosaic virus 
from celery and Conlum maculaturn and cucumber mosaic virus from 
celery plants in Mendoza, Argentina. Celery plants infected 
with CMV showed chlorotic mottle, line and ring patterns, leaf 
yellowing and reduction in leaf area with stunted or normal 
growth. The viruses were identified by electron microscopy, 
serology, host range and aphid transmission, 
Docea and Macovei (1979) isolated celery southern mosaic 
strain of cucumber mosaic virus from celery in Romania, 
Kaniewski (1983) studied the properties of isolates of 
cucumber mosaic virus from Lupinus angustifolius and celery. 
The isolates were identified as distinct strains on the basis 
of electrophoretic mobility and isolelectri'c point, and on 
the basis of a slight difference in amino acids composition. 
The celery isolate contained more carboxyl groups in the protein 
subunit than that from lupin. Bedlan (1985) studied cucumber 
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mosaic virus symptoms and their variation with temperature on 
cucumber, melon, pepper, tomato, spinach, celery and lettuce. 
The importance of latent infection and weed hosts eg, Stellaria 
and Mentha spp. in transmission of this virus by aphids was 
also studied. 
Some other viruses not very common on Umbelllferae j 
Murant and Goold (1966) described a new disease of 
parsnip and proposed the name parsnip yellow fleck virus for 
the causal agento Under electron microscope, particles of 
29 nm diameter were observed. The virus had distinct serolo-
gical relation to one from Anthriscus sylvestris. Murant and 
Munthe (1967) isolated another virus from parsnip, which they 
named as parsnip mosaic virus. It was transmitted non-persis-
tently by Cavariella aegopodii, _C. theobaldii and Myzus persicae 
and had a dilution end point of 10 , a thermal inactivation 
point between 50-55"C and a life of 7 days at room temperature. 
It infected parsnip, Anthriscus sylvestris, coriander and carrot 
plants systemically. The virus had filamentous particles 
750 nm long and failed to react serologically with antisera to 
other viruses with similar particles lengths, 
Schmelzer and Wolf (1969) demonstrated the natural 
occurrence of Nasturtium ringspot virus in Indian bean 
(_C. bignonioides) and carrot (Daucus carota). The virus was 
transmitted mechanically to Chenopodium sppo and various 
Solanaccae. 
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Parsnip mosaic virus (PMV) infects several umbelliferous 
species and a few species from Amaranthaceae,Chenopodiaceae and 
Scrophulariaceae. The virus is transmissible by sap and by 
aphids (Cavariella aegopodii, £. theobaldii and M. persicae) 
in a non persistent manner. The virus lost infectivity after 
dilution to 10 -10 or storage for 10 minutes at SS-SS^C or 
7-8 days at IS^C. The particles are flexaoue fil-aments 736x14 nm. 
Infected coriander leaf cells contained aoundant pinwheel and 
bundle inclusions resembling those described for potyviruses 
(Murant, 1972). 
Fedotina (1977) observed bacilliform particles 46-52 x 
23-27 nm, in the phloem tissue of yellows infected carrot conta-
ining mycoplasma like organisms. 
Kralik and Limberk (1977) observed rhabdovirus like 
particles (265 x 90 nm), associated with cow parsnip mosaic, 
in ultrathin sections, as globular aggregates in the nucleus 
and within perinuclear space of leaf parenchyma cells of naturally 
infected Heracleum spondylium plants, or in leaves and flower 
petals of manually inoculated and infected parsley. 
Bos e_t al_. (1978) reported the occurrence of a new virus 
disease of celery from the Netherlands. The disease was 
symptomless in celery and 13 other celeriac cultivars. Of the 
14 new hosts, it was latent in Anthriscus cerefolium, Nicotiana 
megalosiphon, pea, spinach and crimson clover. Five aphid 
species tested were unable to transmit it, seed transmission 
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of this virus was detected in cereliac (upto 34 per cent) 
Chenopodiiim guinea (upto 67 per cent) and Amaranthus caudatus. 
The virus had a sedimentation coefficient of 161 S. Flexuous 
particles (av. length 885 nm) were found at low concentration 
in crude sap and at high concentration in purified sap prepa-
ration. Inclusion bodies were not observed by light miscro-
scopy or by electron microscopy. 
Volvas (1978) investigated a line pattern of parsley, 
which was found to be caused by the RS strain of chicory yellow 
mottle virus. The infected plants had yellow linear spots, 
often associated with a yellowish green mosaic on the blade. 
The virus was identified on the basis of reactions to differen-
tial hosts, sedimentation in sucrose density gradient and 
serology. 
Ohki _et al_. (1978) detected a new rhabdovirus infecting 
carrot in Kanto area of Japan. Infected plants sometimes showed 
vein clearing, 15-20 days after inociilation but later became 
symptomless. The virus was not transmissible by sap, but was 
transmitted by aphid Semiaphis heraclel, in a persistent manner 
to celery, Cryptolaenla japonica and carrot. Electron microscopy 
of ultrathin section of infected carrot leaf tissue revealed 
virus particles 220 x 70 nm, in cytoplasm and on the surface of 
the nuclei. The virus was named as carrot latent virus, 
Srivastva gi a2. (1979) recorded the occurence of a new 
virus disease of Ammi majus in India. Infected plants showed 
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bright yellow ring and line pattern mosaic on the leaves. 
The virus induced chlorotic local lesions in C.amaranticolor, 
a transient mosaic in tobacco, mild mosaic in Zinnia and a 
temporary vein yellowing in Datura stramonium. Bos et al, (1979) 
described parsley latent (PLV) a new seed transmitted virus, 
prevalent in the Netherland. The disease was isolated from 38 
out of 54 samples of seed parsley (Petroselinum cripum), of 
17 out of 24 cvs. and from all 5 European countries tested, but 
not from some samples from USA. It could easily be detected in 
seedlings and also in seeds germinated on moist filter paper 
but not in dry seeds or seeds soaked in water. The virus was 
symptomless in parsley and caused latent systemic infection 
in Gomphrena globosa, three cvs. of Spinacea aleracea and often 
weak and transient systemic infection in Chenopodium 
amaranticolor, _C. giganteum, C. glaucum and C. quinoa. The 
virus could easily be transmitted mechanically, but not by 7 
aphid species tested. The virus had a dilution end point 
between 100-1000, thermal inactivation point between 55 and 60"C 
and ageing i_n vitro of 7 days. Virus particles were spherical 
of Ca ?7 nm diameter with sedimentation coefficient of 127.5 S, 
buoyant density of 1.449 gm/ml and had a RNA content of 36 per 
cent. 
Twardoweiz Jakusz e_t al. (1983) reported the natural 
occurrence of peanut stunt virus on celery in Poland. The 
symptoms of celery included chlorotic discolorations readily 
spreading from the leaf blade base along veins^ Chlorotic 
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spots and rings 2-3 run in diameter were often observed. The 
virus had a thermal inactivation point between 75-80"C, a 
dilution end point between 1:5000-1:10,000 and longevity 
in tobacco sap, of 2-A days and in pea sap of 9-10 days. The 
virus was identified on the basis of host range, biophysical 
properties and serology. 
Dijk and Bos (1985) described a new virus disease of 
carrot, chervil, coriander, dill and some wild Umbelliferae 
from Netherlands, The disease was named as 'Viral dieback* and 
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was identified as Anthriscus strain of parsnip yellow fleck 
virus (PYFV). Diseased carrot plants developed necrosis in 
axillary shoots, followed by death; the tap roots appeared 
normal. The virus was transmittet" from field by C, aegopodii 
to chervil and or by sap to Ammi manias C. amaranticolor, 
C. guinea, Gomphrena globosa, N. bentha-miana and N.clevelandii 
During 1981-84 seventy one seed plants and 73 ware plants of 
carrot having a wide range of symptoms were tested. Fifty 
seven isolates were identified as Anthriscus strains of PYFV, 
36 of CRLV or CMotV. Plants containing PYFV often showed 
necrosis and yellowing in sprouts and umbels or apical leaves. 
Fibrous lateral roots and tip of the tap roots occasionally 
showed dieback. 
Dutfus £t al. (1986) studied a new yellowing disease 
of lettuce, sugarbeet, carrot, cucurbit and other crops prevalent 
in the desert areas of SW USA (Arizona and California),, The 
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virus, named as lettuce infectious yellows virus (LIYV), was 
transmitted by white fly (Bemisia tabaci) in a semipersistent 
manner, but not mechanically. It had a wide host range infect-
ing 45 plant species distributed in 15 families, and caused 
economically significant losses in a number of important crop 
plants. The virus was purified by differential centrifugation 
and density gradient centrifugation. P>urified virus had a 
A260/A280 ratio of 1.28 and electron microscopy revealed long 
flexuous particles of 13-14 x 1800-200 nm. The host range, 
particle size, insect transmission and serology distinguished 
LIYV from previously described viruses. 
Chapter 3 O K 
MATERIAL AND METHOD 
Cultivation of Plants : 
For carrying out transmission and orher studies, 
seedlings of different plants were raised from .healthy seeds 
in shallow pots and wooden trays under insect proof glass 
house conditions. The seedlings were transplanted singly in 
clay pots of 4" and 6" diameter, when they were 2-3 weeks 
old (2-3 leaf stage). Plants belonging to families Cucurbi-
taceae and Leguminosae were raised by direct sowing of seeds 
in 6" clay pots. Young vigorously growing seedlings were 
selected for inoculation with the virus isolate. Inoculations 
were made one week after transplantation, however plants 
belonging to family Cucurbitaceae were inoculated at cotyledon 
stage or at first two leaf stage. The plants were kept in an 
insect proof glass house at a temperature of 15-25"C. 
The plants were grown in a mixture of sand, soil and 
compost, (1:2:1) contained in clay pots. The soil mixture 
was sterilized by autoclaving at 20 lb, pressure for one hour. 
Clay pots were sterilized by rinsing with 5 per cent solution 
of formaldehyde. The pots were filled with sterilized soil 
24 hours later. 
Virus culture ; 
During the sui"vey of the virus diseases infecting 
umbelliferous crops, in the year 1981-82, a virus disease of 
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carrot was observed in carrot fields in Kasimpur, Aligarh, U.P. 
The diseased plants were stunted and leaves had yellow mosaic 
symptoms. The virus isolate used in the study was maintained 
and multiplied in Nicotiana ^lutinosa and _N, clevelandii after 
three serial local lesion transfers on Chenopodium amaranticolor. 
Method of inoculation : 
Young leaves from ^. glutinosa plants,inoculated 10 
days earlier were plucked and macerated in a mortar with pestle 
in O.IM phosphate buffer pH 7.0o The macerate was then filtered 
through double layers of cheese cloth. For every gram of 
leaf material 2 ml of the buffer was used. This infectious sap 
was routinely used as inoculum. Mechanical inoculations were 
made by gently applying the infectious sap with the help of 
forefinger on the upper surface of the leaves, predusted 
uniformly with carborundum 500 mesh. Soon after inoculation, 
the leaves were rinsed with a gentle stream of water. 
Assay host { 
The virus isolate produced characteristic necrotic 
local lesions with a chlorotic halo in Chenopodium amaranticolor. 
The lesions developed J>'-k days after inoculation in summer and 
after 5-6 days in winter. The lesions were discrete and easily 
countable, _C. amananticolor was, thereofre, selected as an 
assay host. For each experiment 5-8 weeks old plants of _C. 
amaranticolor of the same size, leaf number, and approximately 
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same leaf area were used. The small lower leaves were removed 
and all the fully expanded leaves were used for inoculationo 
Host range studies : 
For carrying out host range studies, seedlings of 
different plant species were raised from healthy seeds in 
wooden trays under insect proof glass house conditions. Several 
species of plants belonging to different families were screened 
for susceptibility to the virus isolate. Young and vigorously 
growing seedlingswere selected for inoculation with the virus 
isolate. At least 3 plants of each species or cultivar were 
mechanically inoculated and the same ntunber of plants were left 
as controls. Seedlings at 2-3 leaf stage were used and all the 
fully expanded leaves were inoculated, using the inoculum from 
—' glutinosa plants, inoculated 10 days earlier. The plants 
were observed daily for the development of symptoms. Time, 
sequence and severity of symptoms were noted. The inoculated 
plants were kept under observation for about 6-8 weeks. Back 
inoculations from all the plants were made to _C. amaranticolor» 
to determine if any of the host is a carrier of the virus. 
Maximum concentration of the virus : 
A batch of thirty vigorously growing, young plants of 
—• glutinosa of the same age and size were selected. Young 
leaves from N. glutinosa plants inoculated 10 days earlier were 
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plucked and. macerated by a pestle and mortar. The expressed 
infectious sap was mechanically inoculated to the young 
_N. glutinosa plants, selected for the experiment. Only two 
lowermost leaves of each plant were inoculated. After every 
two days, two inoculated plants were selected randomly and 2 g 
of uninoculated leaves were plucked. These leaves were 
homogenized in a mortar with pestle adding 4 ml of 0.1M 
phosphate buffer pH 7.0 and the macerate was filtered through 
double layers of cheese cloth. The sap thus obtained was used 
to manually inoculate five plants of C, amaranticolor. Local 
lesions developed on the leaves were counted after one week. 
Concentration of the virus in different parts of the plant : 
Diseased plants of N, glutinosa and carrot (Daucus 
carota) inoculated 10-12 days earlier were uprooted carefully 
and were washed. They were then dried by placing them on a 
blotting paper and their roots, shoots and leaves were cut 
into pieces separately. Equal amount of root, shoot and leaf 
tissue were homogenized separately in a mortar with a pestle 
adding 0.1M phosphate buffer pH 7.0, Each homogenate was 
filtered through two layers of cheese cloth. Each sample was 
then inoculated mechanically to five plants of C, amaranticolor. 
The local lesions developed were counted after one week. 
Effect of pH : 
Young leaves of _N, glutinosa plants inoculated 10 
days earlier were crushed in a blender and the macerate was 
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squeezed through two layers of cheese clotho The infectious 
sap thus obtained was divided into eleven aliquots. The pH 
of the aliquots was adjusted to 4,0, 4,5, 5oO, 5.5, 6,0, 6,5, 
7,0, 7o5, 8,0, 8o5 and 9.0 by the addition of 0,1M solution 
of acetic acid or NaOH, as required. Each aliquot was then 
incubated for half an hour at room temperature (^ 20*C +^  2*C). 
Fifty five C. amaranticolor plants of the same age, leaf number 
and leaf area were selected. Each aliquot was then inoculated 
to five C, amaranticolor plants using carborundum 500 mesh 
as an abrasive. Local lesions developed on leaves were counted 
after one week. 
Thermal inactivation point (TIP) : 
Sap was obtained by homogenising the young leaves of 
_N. glutinosa plants, inoculated 10 days earlier, in a blender 
and filtering the macerate through two layers of cheesecloth. 
It was divided into 5 ml aliquots. The aliquots were exposed 
to a range of temperatures (40, 45, 50, 55, 60, 65, 70, 75, 80 
and 85*C) in a water bath for 10 minutes. The glass vials 
containing diseased sap were held in the water bath in such a 
way that the level of the sap was slightly below the level of 
the water in the bath. The tubes were then cooled by dipping 
in cold water after the treatment. Fifty plants of C. 
amaranticolor, similar in age, size and leaf number were selected 
and each aliquot was manually inoculated to 5 ^ . amaranticolor 
plants to test the viability of the virus. Local lesions deve-
loped on the leaves were counted after one week. 
Dilution end point (PEP) : 40 
Young leaves of N. glutinosa plants 
inoculated 10 days earlier, were plucked and crushed in a 
blendero The sap was obtained by squeezing the macerate through 
-1 -2 
double layers of cheese cloth. Ten fold dilutions (10 , 10 , 
10""^ , 10 , 10"^, 10" , 10""^  and 10""®) were made of the sap 
by addition of double distilled water. From eaoh dilution 
five £. amaranticolor plants were inoculated manually using 
carborundum 500 mesh as an abrasive. Local lesions produced on 
the leaves were counted after one week. 
Longevity in vitro : 
Young leaves from N. glutinosa plants,inoculated 10 
days earlier, were plucked and macerated in a blender. The 
sap was expressed by filtering the macerate through two layers 
of cheese cloth. The sap thus obtained was stored at room 
temperature (5-10"C) C. amaranticolor plants of the same age, 
size and leaf number were selected. After every six hours a 
small amount of the sap was taken from the stored sap and 
inoculated to five _C. amaranticolor plants. The inoculations 
were made up to 144 hours _C. amaranticolor plants were inoculated 
manually using carborundum 500 mesh as an abrasive. Local 
lesions developed on leaves were counted after one week. 
Rearing of Aphids : 
Colonies of non-viruliferous aphid viz, Myzus persicae, 
Brevicoryne brassicae, Aphis gossypii, _A. nymphae, A. craccivora. 
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Acrythoslphon plsum and Macroslphonella sp, were established 
from single new born nymphs and were maintained on cabbage, 
cauliflower, mustard, Nymphea, bean, sweet pea and Chrysanthemum, 
respectively, in cages having wooden frames. The top and the 
two sides of the cage were closed by glass and the remaining 
sides were closed by thin wire gauze. A floures,cent tube was 
fixed in the cage to provide artificial light to the plants 
and to keep the aphids under long day conditions for getting 
alate (wingless) aphids. The plants were kept on a zinc tray 
and the bottom of the tray was covered with a layer of wet sand 
to prevent the passing of the aphids through chinks between the 
tray and the rim of the cage. Viviparous adults were starved 
for 2-3 hours and then placed on a healthy detached leaves of 
_C. amaranticolor and _N. clevelandii in a petridish. During the 
next few hours, nymphs were born at the rate of 2-3 nymphs 
per adult. A colony was raised from these nymphs. The colonies 
were maintained at a temperature of 20-25*C under long day 
conditions. Three old plants were removed every week from the 
cage and replaced by three young and healthy plants. 
Aphid Transmission : 
Aphid transmission studies were carried out with nymphs 
collected carefully from the healthy colony with the help of 
moistened tip of a camel's hair brush type A, number 1o The 
nymphs were starved for 2 hours in a petridish having the inner 
surface covered with a wet piece of filter paper. They were 
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then transferred in batches of 20 each, to diseased N,glutinosa 
plant and the plant was covered with a microcage. After allow-
ing acquisition feeding times of different periods, the nymphs 
in batches of 20 each were transfenred to young and healthy 
N, glutinosa and carrot plants. Plants were then covered with 
microcages. After allowing acquisition feeding of different 
periods on the test plants, the aphids were killed by spraying 
with 2 per cent 'Dimecron', The microcages were removed and 
the plants were transferred to the glass house, where they were 
kept under observation for the development of the symptoms. 
Back inoculations from each plant were made to C, amaranticolor. 
Seed Tr-ansmlsslon : 
To test for possible seed transmission, seeds were 
collected from plants of carrot cvs. Danvers half long, Pusa 
kesar and Nantes, inoculated manually by the diseased sap 
obtained from N. glutinonsa. The inoculated plants showed 
typical yellow mosaic symptoms 15-20 days after inoculation. 
The seeds were sown in autoclaved soil contained in large pots 
and were maintained in glass house for observation until the 
plants were 8 weeks old. Any plants that appeared to be 
infected were further checked by back inoculation to assay 
host (_C. amaranticolor). Approximately 500 seedlings were 
examined. 
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Nematode Transmission j 
Two experiments were performed to determine the 
possibility of nematode transmission of the virus isolate. 
In one experiment, soil samples were collected from the root 
zones of the diseased carrot plants growing in the field. 
The samples were throughly mixed and small aliquots were mixed 
with autoclaved soil contained in clay pots. Healthy carrot 
seedlings were then transplanted in these pots. The same 
number of plants transplanted in sterilized soil, served as 
controls. All the plants were kept in glass house and were 
checked regularly for the development of symptoms. The plants 
were kept under observation for 8 weeks. Back inoculations to 
C. amaranticolor from each plant were also made. 
In the second experiment, soil samples were collected 
from different places in the field where from the culture was 
obtained. Nematodes were isolated from the soil samples and 
identified. The soil was found to contain a good population 
°^ Trlchodorus mlrzai, Siddiqui I960, along with several other 
species of plant parasitic nematodes. T_^  mirzai were collected 
and added to the pots having JN. glutinosa plants,which had been 
mechanically inoculated with carrot yellow mosaic virus, 3 days 
earlier. The nematodes were allowed access to diseased plants 
for 15 days, after which soil was collected from the pots and 
the nematodes were isolated. They were then adaed to the pots 
in which healthy _N. glutinosa, and carrot plants were growin/'. 
a 
Nomntodon W(>r'o added Lo thr (lOto uuing a pipette by boring 
holes near the root zone of the plants. The plants were 
observed daily for the development of symptoms, and were kept 
under observation for 8 weeks, after which back inoculations 
to _C. amaranticolor were made. 
Dodder Transmission : 
Seeds of dodder (Cuscuta reflexa) were germinated in 
a petridish on moistened filter paper and then transferred in 
autoclaved soil mixture contained in 15 cm clay pots, in a 
glass house. When the dodder plants were about 15 cm long, 
they were trained on tobacco plants, which were mechanically 
inoculated by carrot yellow mosaic virus one week later. After 
establishment of the dodder on tobacco plants, all connections 
from the soil were severed by cutting dodder stem at the soil 
surface. One week later, healthy tobacco plants, grown in pots 
were placed near the pots which had dodder. The tips of the 
dodder branches were placed on healthy tobacco plants. When 
the dodder was established on healthy plants, it was pruned to 
force the movement of sap towards the healthy plants from the 
diseased plants. The plants were observed for the development 
of symptoms, if any, for about 6 weeks. Back inoculations to 
_C. amaranticolor were also made from each plant. 
Effect of various buffers at different pH level : 
(a) Acetate buffer : Five gramme of young leaves of N.glutinosa 
plantG, inoculated 10 days earlier, were separately homogenized 
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in a mortar with pestle after addition of 10 ml of sodium 
acetate buffer 0.1M at pH values 4o5i 5.0, 5.5 and 6.0. Each 
homogenate was filtered through two layers of cheese cloth. 
Twenty plants of C. amarantlcolor of the same age, leaf number 
and size were selected. Five plants were mechanically inocula-
ted with each sample. Local lesions developed on leaves were 
counted after one week. 
(b) Citrate buffer : Citrate buffer of pH values 4.0, A.5, 
5.0, 5.5 and 6,0 was used in the study. Five gramme of young 
leaves of N. glutinosa plants, inoculated 10 days earlier were 
separately homogenized in 10 ml of 0.1M sodium citrate buffer 
of different pH values. Each homogenate was filtered through 
two layers of cheese cloth and then inojulated to five _C. 
amarantlcolor plants. Local lesions developed on leaves were 
counted after one week, C. airaranticolor plants of the same 
age, size, and leaf number were used. 
(c) Phosphate buffer : The effect of phosphate buffer of 
different pH values was investigated by separately homogenising 
five gram of young leaves of _N. glutinosa plants, inoculated ten 
days earlier. For every gram of the leaves 2 ml of the buffer 
was used. Phosphate buffer (OolM) at pH values of 5.0, 5.5, 
6.0, 6.5, 7.0, 7.5, 8,0 and 8.5 were used in the study. Each 
homogenate was filtered through double layers of cheese cloth. 
Each sample was then inoculated to five C. amarantlcolor plants. 
Local lesions developed on leaves were counted after one week. 
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C. amaranticolor plants of the same age, size and leaf number 
were used. 
(d) Borate buffer : The effect of borate buffer of different 
pH values was studied by macerating 5 g of young leaves of 
_N. glutinosa plants in a mortar with pestle, after adding 10 ml 
of 0.1M borate buffer at pH values 7.5, 8.0, 8.5 and 9.0. In 
each case the homogenate was filtered through two layers of 
cheese cloth. Each sap was then inoculated to five C. amaranti-
color plants. Local lesions developed on leaves were counted 
after one week. _C. amaranticolor plants of the same age, size 
and leaf number were used. 
Purification : 
The ODJect of the virus purification is to separate 
the virus nucleo-protein from other components of the host cell 
and to obtain it in a biologically active state. 
(a) Selection of the host : The choice of the host plant for 
propagation of a virus is of critical importance in virus puri-
fication. Out of a large number of plants which this virus 
isolate infected, the concentration of the virus in _N. glutinosa 
was found to be very high, so -this host was selected for use 
in purification. Carrot plants were not found suitable for use 
in purification of this virus Isolate mainly due to the low 
concentration of the virus in the plants. 
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(b) Extraction of the sap : Young leaves of N. glutinosa 
plants were harvested at the time when the virus had attained 
maximum concentration. The leaves were washed under tap water 
and then dried on filter paper. The leaves were cut into small 
pieces and then macerated in a blender in 0.1M phosphate buffer 
pH 7.0 using 2 ml of buffer for each gramme of diseased tissue. 
The macerate was filtered through double layers of cheese cloth. 
(c) Clarification of the sap : The following chemicals were 
used for the clarification of the sap, 
(i) Butanol : For every 100 ml of the sap, 10 ml of the 
butanol was used. Butanol was added to the sap .by continuous 
stirring on a magnetic stirrer. After 30 min stirring the 
sap was incubated for one hour, then centrifuged at 10,000 rpra 
for 5 min. The pallet was discarded and the supernatant was 
used in further purification of the virus, 
(11) Bentonlte : Two gramme of the bentonite was used for 
every 100 ml of the sap. Bentonite was added to the sap by 
continuous stirring and the mixture was stirred on a magnetic 
stirrer for half an hour and then centrifuged at 7500 rpm for 
10 min. The pellet was discarded and the clarified supernatant 
was used, 
(ill) Chloroform ; Chloroform was added to the sap by continuous 
stirring on a magnetic stirrer. Ten ml of the chloroform was 
used for every 100 ml of the sap. The stirring was continued 
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for 30 min, after which the sap was incubated for one hour. 
The mixture was then centrifuged at 10,000 rpm for 5 min in 
Remi T-24 centrifuge. The pellet was discarded and the super-
natant was used in further purification of the virus isolate. 
(iv) Carbon tetrachloride : For every 100 ml of the sap 10 ml 
of carbon tetrachloride was used. C Cl< was added to the sap 
with continuous stirring on a magnetic stirrer. The stirring 
was continued for half an hour and then the mixture was incubated 
for one hour, after which it was centrifuged at 10,000 rpm for 
5 min. The pellet was discarded and the supernatant containing 
the virus was used in the purification. 
(v) Butanol and Chloroform mixture : The mixture of butanol 
and chloroform was prepared by adding the two on a magnetic 
stir-rer in 1:1 ratio. For every 100 ml of the sap 10 ml of the 
mixture was added by continuous stirring on a magnetic stirrer. 
The stirring was done for 30 min. The emulsion was then 
incubated for one hour and then centrifuged at 10,000 rpm for 
10 min. The pellet was discarded and the aqueous phase contain-
ing the virus was removed and used for further purification. 
(vi) Butanol & Triton X 100 : To every 100 ml of the sap was 
added 10 ml of butanol and 2 ml of trlton X100 by continuous 
stirring on a magnetic stirrer. The stirrin/-; continued for 
30 min and the mixture was incubated for one hour. It was 
then centrifuj';ed at 10,000 rpm for 5 mine The pellet was 
discarded and the aqueous phase of the supernatant, containing 
virus was removed for- use in further purification of the virus. 
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(vii) Acidification : Most of the plant proteins are precipi-
tated when the pH of the sap is adjusted to 4 or 5. The pripi-
tated host material is then removed by low speed oentrifugationo 
Since this method was found suitable for a number of plant 
viruses, efforts were made to clarify the sap by this method. 
The pH of the sap was adjusted to 5.0 by acetic acid 
and incubated at room temperature for 30 min. After this the 
pH of the sap was readjusted to 6.0 by adding NaOH. The sap 
mixture was then centrifuged for 5 min at 10,000 rpm. The 
pellet containing the host plant material was discarded and the 
supernatant was subjected to high speed centrifugation and the 
pellet was dissolved in O^IM phosphate buffer pH 7oO. 
(d) Isolation of Virus : 
Following methods were used for isolation of the virus 
from the clarified sap, 
(i) Differential centrifugation : Differential centrifuga-
tion i.e. alternate cycles of low and high speed centrifugation 
is a technique useful for the separation of particles that 
differ from each other by an order or magnitude in the sedimen-
tation rate. The clarified sap was subjected to differential 
centrifugation. All the low npeed runs were given in Remi 
T-24 centrifuge, while the hi^ h^ speed runs were given in 
Beckman L-3-50 preparative ultracentrifuge. After low speed 
centrifugation pellet was discarded and supernatant was used, 
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while after high speed centrifugation supernatants were dis-
carded and pellets were used after dissolving in 0.1M phosphate 
buffer pH 7.0. 
(il) Precipitation of the virus with Polyethylene glycol (PEG); 
Hebert (1963) showed that certain plant viruses could 
be selectively precipitated by Polyethylene glycol (PEG). 
Since that time precipitation with PEG has been increasingly 
used in virus purification. Leberrnan (1966) used a polyethylene 
glycodextran sulphate two-phase system for the purification of 
plant viruses. He compared it with precipitation of plant 
viruses by PEG in the presence of salt. The PEG was found to 
be as good as two phase system. PEG (MW6000) has been used to 
precipitate from clarified extracts a number of potyviruses 
including clover yellow vein, pepper veinal mottle, pea seed 
borne mosaic, peanut mottle, potato Y, tobacco etch and 
tobacco vein mottling viruses, using 4 per cent PEG together 
with NaCl (upto 4% W/V). PEG at 8-10 per cent has been used to 
precipitate beet mosaic, bidens mottle and turnip mosaic 
viruses. Precipitation of carrot yellow mosaic virus was 
attempted by PEG in the presence of salt. 
Young leaves (250 g) of N. glutinosa plants inoculated 
10 days earlier, were plucked and macerated in a waring blender 
in 500 ml of 0.1M phosphate buffer pH 7.0, The homogenate was 
filtered tnrcu h double layers of cheese cloth. The sap thus 
obtained was subji^ cted to lovy speed centrifugation (7500 rpm for 
5 min). The pellet was discorded and tne supernatant wa;3 divided 
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into six aliquots of 100 ml each. A small amount of the sap 
was inoculated to 5 _C. amaranticolor plants, to serve as controls, 
To all the aliquots, enough NaCl was added to bring the salt 
concentration to 0o2M; 2, 4, 6, 8 and 10 g of PEG (MW 6000) was 
added to aliquots,respectively with constant stirring on a 
magnetic stirrer. The stirring was continued for 30 min. The 
solution was incubated for another 30 min. and then centrifuged 
at 10,000 rpm for 15 min. The supernatant was discarded and 
each pellet was dissolved in 20 ml phosphate buffer 0.1M, pH 
7.0. After another low speed centrifugation(5 min at 10000 
rpm) each supernatant was given one cycle of differential cen-
trifugation and then inoculated to 5 _C_^  amaranticolor plants. 
The local lesions developed were counted after one week and 
compared with controls for the loss of infactivity, if any, 
(e) Further purification of the vims : 
(i) Density gradient centrlfugatlon : Density gradient columns 
were prepared by the method of Brakke (1960). Linear sucrose 
gradient columns were prepared by layering 7, 7, 7 and 4 ml of 
0.1M phosphate buffer pH 7.0 having 400, 500, 200 and 100 mg 
sucrose per ml/ respectively in centrifuge tubes of 1" x 3" size. 
The sucrose solutions of different concentrations were layered 
using a pipette with a broad orifice. The heaviest solution 
was put first and the li,',hter solutions were layered on the top 
of ±t with decreasing concentrations. Centrifuge tubes contain-
ing the layered solutions were allowed to stand overnight in a 
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refrigerator to produce a smooth gradient. Two ml of the 
virus preparation was layered on the top of each column by a 
pipetteo The centrifuge tubes containing gradient columns and 
the virus preparation were centrifuged immediately in a 
•swinging bucket rotor' SW 25.1 in Beckman L-3-50 preparative 
ultracentrifuge. The acceleration upto a few hundred rpm were 
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done gradually. The tubes were centrifuged for different 
lengths of time, but later they were centrifuged for 3i hours. 
The tubes were examined in the dark room and the virus zones 
were located by light scattering, by projecting a narrow beam 
of light into the tube from the top. The samples were removed 
from the centrifuge tubes by 10 cm long hypodermic needle bent 
twice at right angles, inserted down through the top of the 
column to a desired depth. 
UV absorption spectrum : Purified virus preparations were 
examined in a Beckman DU-6, UV spectrophotometer. Amount of 
nucleic acid was calculated by comparing the data with standard 
graph (Gibbs and Harrison, 1976). 
Electron microscopy : Electron microscopical studies of the 
virus were carried out at Central Institute of Medicinal and 
Aromatic Plants, Lucknow, Both dip preparations and purified 
virus preparations were examined under Philips Electron micro-
scope model EM 420. 
(a) Dip preparation ; The technique of tho dip preparation 
was developed by Brandes (1960, 1964). The technique is very 
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useful for the electron microscopy at an early stage as well as 
to ascertain thf^  actual size of the rod shaped particles, since 
in this process the particles are least likely to fragment. 
On the other hand purification is a multistep process thereby 
some of the particles are fragmented. 
The freshly cut end of the leaf of infested N.glutinosa 
in which the virus has attained maximum concentration was drawn 
through a drop of water, A filmed grid (formvar coated copper 
grid with a carbon backing) was then touched to the water 
surface to allow the virus particles to adhere to the grid. 
Adhered particles were negatively stained by 2% uranyl acetate 
(adjusted to pH 7.0) by placing a small droplet of the stain 
on the grid. After a short time the excess fluid was sucked 
off by a piece of filter paper, leaving a thin film of the 
liquid on the grid. These grids were then examined under 
electron microscope, 
(b) Purified virus : A small droplet of the purified virus 
suspension was placed on a formvar coated copper grid with a 
carbon backing. The particles were negatively stained by 
adding a small droplet of the 2% uranyl acetate solution 
(pH 7.0) to the virus suspension on the grid. After 1-2 min 
the excess fluid was sucked off by a piece of filter paper, 
leaving a thin film of the fluid on the grid. The grid was 
then examined in a Philips electron microscope model EM ^ +2u» 
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Isolation of Nucleic Acid : 
The nucleic acid of the virus was isolated using the 
phenol detergent method. To a 2.5 ml solution of virus isolated 
from 100 g of infected leaves of _N. glutinosa, was added 0,05 
ml of 6 per cent sodium dodecyl sulphate and 2,6 ml of water 
r 
saturated phenol. The phenol used was redistilled and stored 
at 10*C after adding distilled water. The mixture was stirred 
for 10 min in a glass tube over a magnetic stirrer, after 
which it was centrifuged for 5 min at 300 rpm in a clinical 
centrifuge. The aqueous top phase was drawn off with a pipette 
and to lower phase was added 2,5 ml of 0,1M phosphate buffer 
pH 7.0, stirred for 10 minutes and then centrifuged for 5 min 
at 3000 rpm. The aqueous phase was drawn off and both aqueous 
phares were pooled together and stirred for 10 min with an 
equal volume of phenol followed by centrifugation. The aqueous 
phase was extracted once more using half the volume of phenol. 
Phenol traces were removed from the aqueous phase by four 
extractions with ether and the RNA was precipitated by adding 
2 ml of ice cold ethanol to the solution. The precipitate was 
pelleted by centrifugation for 15 rain at 8000 rpm. The pellet 
was dissolved in 0.1F phsophate buffer pH 7.0, and centrifuged 
for 15 min at 10,000 rpm to remove any insolouble material 
present in the preparation. 
Serology : 
Antiserum against carrot yellow mosaic virus was prepared 
in rabbit. Partially purified virus was injected into the animax 
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Antigen (1,? ml) was injected each time intraveinously in 
rabbit at one week interval. After six such injections, 3 ml 
of the purified virus together with equal amount of Freund's 
incomplete adjuvant was emulsified and then injected intra-
muscularly into rabbit. The animals were trial bled during 
the course of inj'ctions to check the titre and .were finally 
bled 2 weeks after the intramuscular injection. The bleeding 
of the animal was done by slashing the ear vein near the base 
and the blood was collected directly into a tube. At the 
final bleeding, 50 ml of the blood was collected from each 
animal. The antiserum was tested and stored in small ampules 
in a deep freeze or in a freezer after the addition of 
sodiumazide crystals. 
To determine the titre of the virus microprecipitin 
test was performed in a petridish under mineral oil. Two fold 
serial dilutions were made of the antiserum and the antigen. 
Plates were incubated at ^T'C for 2 hours. Results were also 
checked by incubation at room temperature for 24 hours» 
Ouchterlony agar-gel double diffusion test 
(Ouchterlony, 1948, 1958, .1962) was used for the antigen 
antibody reactions. All tests were performed without the 
addition of any preservative to the agar. Grud sap and 
purified virus preparations were tested. Microscope slides 
75x25 mm and petridish of 3 inch diameter were used. Phosphate 
buffer (0.1M, pH 7.0) was used for making 0o8 per cent agar gel, 
5C 
'jll'lf.'i or pc Lrvid 1 r.hcs wore f J uudcd wi Lh ai',nr yoIuLlon Lo make 
a bed about 3 mm hi{3h. After the agar gel was set, wells 3 nim 
in diameter were punched by a cork borer of j> mm diameter. 
After the wells were charged with antiserum and antigen, slides 
were incubated in a moist chamber and readings were taken after 
24 h. Proper precautions were taken in all tests to rule out 
* 
the possibility of any misreading of the results. Different 
dilutions of the virus and antiserum were used and tests were 
repeated several times. Physiological saline (0.85 per cent NaCl) 
in distilled water was used for making all dilutions. 
Chapter 4 5 7 
R E S U L T S 
SYNPTOMATOLOGY AND HOST RANGE 
Host range : Carrot yellow mosaic virus (CYMV) was transmitted 
to carrot and other hosts by mechanical inoculation with sap 
from diseased plants. The symptoms in carrot appeared after 
10-15 days. The plants were stunted, leaves were reduced in 
size, slightly curled and showed yellow mosaic symptoms (Fig.1). 
Other hosts were infected readily while sap transmission in 
carrot was 60-70 per cent. 
Two hundred and ninety five plant sp'-^ cies and cultivnrs 
belonging to 48 angiosperm families were mechanically inocu-
lated with CYMV. Visible symptoms were prduced on 31 plants, 
out of them three viz. Chenopodium album, C. amaranticolor 
and jC. murale (all belonging to family Chenopodiaceae), reacted 
with the development of necrotic local lesions, whereas the 
rest were infected systemically. They belong to the family 
Acanthaceae (Peristrophe bicalyculata); Cucurbitaceae (fienincasa 
hispida, Trichosanthes anguina); Papaveraceae (Papaver rhoeas); 
Papilionaceae (Pisum sativum cvs. Blue bantam, onnevelli, 
Telephone); Solanaceae (Capsicum annuum cv. Jwala, Nicotiana 
Cleveland!, _N. glutinosa, _N. plumbaginif olia, N. rustica, 
_N. sandarae, N. tabacum cvs. Anand-2, Bhopali, GT/ , Harisorl"s 
Special, NP 37, Turkish Samsun, Turkish Xanthi, White Burley, 
Petunia hybrida, Physalis peruviana, Solanum nigrum) and 
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Umbelliferae (Paucus carota cvs. Danvers Half Long, Nantes, 
Piisa Kesar Foeniculum vulgare). Thp virus WKS recov^ jred from 
all these species and cultivars. 
This virus isolate did not evoke any visible symptoms in 
Brassica rapa cv. purple Top W-hite, Raphanus sativus cv. 
Faizabadi (Cruciferae), Stellarla media (Caryophyllaceae), 
Centaurea moschata, (Compositae), Corlandrum sativum and 
Petroselinum hortense (Umbelliferae), but infected them syste-
mically as virus could be recovered on back inoculation to 
assay host (_C. amaranticolor), They are therefore carriers of 
this virus isolate. 
In all, this virus isolate infected 37 plant species 
and cultivars distributed in 10 families viz. Acanthaceae, 
Caryophyllaceae, Chenopodiaceae, Compositae, Cruciferae, 
Cucurbitaceae, Papaveraceae, Papilionaceae, Solanaceae, and 
Umbelliferae (Apiaceae). 
The virus isolate caused localized infection in 
Chenopodium album, C. amaranticolor, and C. murale. Necrotic 
local lesions were produced on the inoculated leaves in 4-6 
days. The lesions were easily countable and their development 
and uniform and consistent. Out of these C. amaranticolor 
was the best local lesion host. It was, th^r^fore, selected 
as assay host. 
Two hundred and fifty ei..^ ht plant species (from 38 
families) which produced no symptoms after inoculation wilr; 
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CYMV, and from which virus was not recovered by back inocula-
tion to _C. amaranticolor are as follows: Acanthaceae: Adhatoda 
vesica Nees,, Ruellia tuberosa L.; Aizoaceae (Ficoideae): 
Trianthema monof;yna L.; Jtmaranthaceae: Achyranthes aspara 
L., Ainaranthus caudatu^ L L., A. gracilis Delf., A. spinosus L., 
_A. tricolor L., A. viridis L.; Anacardiaceae: M^n^ifera indica 
L.; Anonaceae: Anona squamosa L.; Apocyanaceae: Catharanthus 
ro^eus (L) G. Don; Asclepiadaceae: Galotropis procera (Ait) 
R.Br.; Araceae: Colacasia esculenta (1) Schott; Balsaminaceae: 
Impatiens balsamina L.; Boraginaceae: Heliotropium indicum L.; 
•Caesalpiniaceae: Caesalpinia pulcherrima (L) Schwrtz, Cassi^ 
fistula L., C. occidentalis L., _C. sophera L., _C. tora L., 
Delonix regia (3oj.) Raf., TamarIndus indica L.; Cannabinaceae: 
Cannabis sativa L.; Capparidaceae: Cleome gynandra DC, 
Gynandropsis pentaphylla L.; CTricaeae: Carica papaya L. cvs,. 
Honey Dew, Ranchi, V/ashinf^ ton; Caryophyllaceae: Dianthus 
caryophyllus L., D. barbatus (L) Sweet, D. latifolius Wild 
Saponaria vaccaria L., 3perp;ula arvensis L.; Chenopod^aceae 
Beta vulgaris L. cvs. Crimson Globe, Detroid Dark Red, Red 
—_^ 
B a l l , B, v u l g a r i s s a c c h a r i f e r a L. c v s . Bushmona, K a t a r i - 6 , 
K a t a r i - 7 s , Spinacea o l e r acea L . ; Compositae: Ageratum conyzoides 
L . , Aster amel lus L . , Blumea b l f o l i a t a (L. ) X, , Brachychome 
i b e r i d i f o l i a L . , Calendula o f f i c i n a l i s L . , Cosmos b i p i n n a t u s 
Cav. , Dahlia p inna ta Cav. , E c l i p t a a lba Hassk. , Ga i l a rd i a 
p u l c h e l l a L . , Gnephalium indicum L . , Helianthu:; annuus L . , 
Lactuc" s a t i v a L. ,Launaea 'isplenjif o l i a Hook., Sonchus a spe r (L) 
H i l l . , Vernonia c i n e r i a L . , Xanthium strumirium L . , 
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Conyolvulaceae: Convolvulus arvesls L., C. pluricaulis Choisy, 
Ipomoea batatus (L.) Lamk., 1. hispida (Vahl.) Poem, I.nil (L.) 
Rotts, _I. palma ta Forak; Cruciferae: Brass lea campestris L., 
B. juncea Hook, B. napus L., _B. nigra Koch cvs. Appressed Mutant, 
KS,:5, Laha 101, Pusa Kisan, Pusa Kranti, R-75-2, T 11, Varuna, 
B. oleracea botrytis L. cvs. Early Snow Ball Patna early, Patna 
Mid Season, Snow Ball No.16, Snow Queen, Super Pride of India, 
September Glory, B. oleracea gemmifera Zenker,, B. oleracea 
gongyloies L., cvs. Early White Vienna, Early Purple Vienna, 
B. rapa cvs. Early Snow Ball, CJolden Globe, Red Globe, Snow Ball, 
Coronopus didymus L., Iberis a ma ra L., Raphanus sativus cvs. 
Chinese Rose, Chinese White, Contai Long, Early Scarlet Globe, 
French Breakfast, Icicle,Japanese Long, Jaunpuri, Long Chinese,Long 
Red Contai, Long Scarlet, Long White, Nepali Giant, Newer, Punjabi, 
Pusa Rashmi, Rajasthani, Sakarjima, Mammoth, Shogoin Giant, Sparkler, 
Sutton Long White, Sutton Scarlet Globe,; Cucurbitaceae: Citrullus 
vulgaris Schrad,, C. vulgaris Schrad var. fistulosus Duthie & Fuller, 
Cocclnia indica WT & Arn., Cucumis melo L., C. melo var. momordica 
Duthie Fuller, C. melo var. utitissimus Duthie & Fuller, Cucumis 
sativus L. cvs. All Season, Hot Season, Improved Long, Rainy 
Season, Saharanpur Long Green, Cucurbita maxima Duch ex Poir, 
La^enaria leucantha (Duch) Rusby, L, siceraria Standi. Luffa 
acutangula (L.) Roxb., L. cylindrica (L.) Roem, Momordica charan-
tia L., M. dioica Roxb. ex Willed, Trichosanthes dioica L.; 
Cyperaceae: Cyperus rotendus L.; Euphorbiaceae: Croton 
bonplandianum Boill., Euphorbia hirta L., E. pulcherima Willd., 
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Phylanthus niruri L., Ricinus communis L.; Graminae: Avena sativa 
L., Horde urn vult^ are L. , Oryza sativa L. , Ponnisetum typhoides 
(Burn.) Stapf & Hubbard Sorghum vulgare L., rriticum aestivum L«, 
Zea mays L.; Labiatae: Coleus blumei Benth., Leucas cephalotes 
Spreng, Mentha viridis L., Ocimum basilicum L., 0. sanctum L., 
Salvia officinalis L.; Liliaceae: Alliur, cepa L.. A. sativum 
<7*- T- - y~ 
L« > Asphodelus tenuifolius L.; Linaceae: Linum usitatissimum L.: 
Malvaceae: Abu til on indic\jrr. L., Althaea rosea Cav. , Gossypium 
hlrsutum L., Hibiscus esculentus L. cvs. Long Green, Pusa Sawani, 
Sevendhari, Maivastrum tricuspidatum A. Gray, Sida acuta Burm., 
S. cordifolia L., Urena lobata L. Meliaceae: Mella azadlrachta 
L.; Kimosaceae: Albizzia lebbek Benth., Mimosa pudica L.; 
Myrtaceae: Psidium guaJava L., Syzygium cumini (L.) Skeel; 
Nyctaginaceae: Mirabilis ,ialapa L.; Oleaceae: Nyctanthes arbor-
tristic L.; Qxalidaceae Oxalis corniculata L., 0. pes-carpae L.; 
Papaveraceae: Argemone mexicana L., A. ocbroleuca Sweet, 
Eschscholzia californica Cham., Papaver orientale L., P. somni-
ferum L.; papilionaoea^: Arachis hypogea L., Cajanus indicus 
3preng., Cicer aeritinum L., Clltoria ternatea L., Crotalaria 
juncea L., Cyamopsis tetragonoloba L., Dollchos lablab L., 
Glycine max Merr., Indigofera hirsuta L., Lathyrus aphaca L., 
Melilotus alba Derr., M. indica All. Phaseolus aureus Roxb., 
P. lunatus L. P. mungo L., P. vulgaris L., Pisum arvense L., 
Sesbania sicban (L.) Kerr., Tephrosia purpurea (L.) Pers., 
Trifolium pratense L., Vicia f.iba L., V. sativa L., Vvna 
£ _. _ . — 
sinensis (L.) Savi; Portulacaceae: Portulaca grandiflora .'look, 
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P. oleracea L., P. c^ uadrlf Ida L.; Poly onaceae: Antigonon 
leptopus Hook & Arn., PolvAonum plebejiym R.Br., Rum ex dontatus 
L.; Priraulaceae: Anagalis arvensio L.; Rhamnaceae: Zizyphus 
Jujuba Larak.; Rubiaceae: Pentas lanceolatus (Forsk) Kschm.; 
Rutacoae: Aegle marmelos (L.) Correa.Citrus aurentifolla (Christm.) 
Swingle, C. lemon L., C. reticulata Blanko, r'eronia, limonl (L.) 
Swingle, Murraya koenigii (L.) Spreng; Scrophulariaceae: 
Antirrhinum majus L,; Solanaceae: Capsicumannuum L. cvs. Bull 
Nose, Chinese Giant, G 3, Hungarian Wax, Long Red, New Red Hot, 
N.P. 46 A, Survamukhi Green, Ruby King; Lycopersicon esculentum 
Mill, cvs, F 24, F 38, Healani, Patriot, Piersol, Pusa Ruby, 
Radiant, Rossol, SL 120, YFN Bush; Solanuny melongena L. cvs, 
Baramashi, Black Beauty, Giant Banaras, Long Black, Long Greer?, 
Pusa Purple long,Pusa Purple Round, Solanum tuberosum L.; 
Tiliacoae: Corchorus capsularis L., _C. olitorius L., Grewia 
asiatica (L.) Mant^; Umbelliferae: Amiiii majus L., Anethum 
graveolens L., Caru_m cepticum Hiern, Curr.inum cyminum L., 
Verbenaceae: Clerodendron phlomidil L., Verbena bipinnatifida 
Sch.; Violaceae: Viola odorata L., V. tricolor L.; Vitaceae: 
Vitis vinifera L.; Zingiberaceae: Zingiber officinale Ros Cose, 
SYMPTAMATOLOGY : 
Benincasa hispida (Thunb) Cogn, (Cucurbitaceae): A mild vein 
clearin, appeared in uninoculated young leaves 12-15 diyc after 
inoculaticn followed by mosaic m.ottlin" and a littlf deforma-
tion. The plants were stunted. 
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Capsicum annuum L. cvo jwala (Sola naceae): Curling and 
rrosaic mottling in leaves developed after 10-13 days of inocu-
lation. Leaves of the infected plants were smaller in size as 
compared to healthy ones and the plants were stunted. 
Daucus carota L. cv. Danvers Half long (Umbelliferae): A 
yellow mosaic appeared in leaves 12-13 days after inoculation 
followed by stunting of the plant. The number of leaves was 
greatly reduced in infected plants» 
Dnucus carota L. cv. Pusa kesar (Umbelliferae): A yellow 
mosaic in young leaves appeared 13-14 days after mechanical 
inoculation with CYKV. The leaves were slightly curled and a 
litcle deformed, and the plants were stunted. 
Daucus c.-irota L. cv. Nantes (Umbelliferae): The symptoms 
appeared within 13-15 days of inoculation. Firstly, a yellow 
mosaic developed m young and uninoculated leaves followed by 
a slight tvvisting and a little deformation of lamina and the 
plants becctme stunted. 
Foeniculum vulgare Mill (Umbelliferae): v;ithin 10-12 days of 
inoculation a yello./ mosaic developed on outer portions of 
young and uninoculated leaves. Later on inner leaves were also 
affected and thr pi''.its were .;i.unted„ 
IJicotianuL clevelandii Gray (oolariaceae) : A mosaic raottlin,_^ 
in leaves developed 10-11 days after inoculation followed by 
deformation. The di:ea.^ ed plants v/ere .stunted. 
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Njcotiana ^lutlnosa L. (Solanaceae): Symptoms appeared 9-10 
days after inoculation. Firstly a systemic mosaic mottling 
appeared in leaves followed by the production of curled and 
badly deformed leaves havin^ ^ v-iry little lamina in severe cases 
(filiform leaves). The plants were stunted. Flowers dropped 
prematurely. Those that survived developed only few,or no seeds, 
Nicotiana plumbaginifolia Viv. (Solanaceae): A mild mosaic 
appeared in leaves 12-15 days following inoculation. The 
leaves were later curled and thickened. The growth of the 
diseased plants was seriously affected resulting in the forma-
tion Oi badly dwarfed plants, 
Nicotiana rustica L. (Solanaceae): A systemic mosaic motting 
developed 11-13 days after infection followed by deformation of 
leaves and stunting of the plants. 
Nicotiana sandarae L. (Solanaceae): Mosaic mottling developed 
in young and uninoculated leaves 9-10 days following infection. 
Later on the leaves were reduced in size, deformed and slightly 
twisted. The growth in diseased plants was slow. Flowering 
occurred but the flowers did not develop into fruits and seeds, 
Nicotiana tabacum L. cv., Anand-2 (Salanaceae): A faint vein 
clearin,', in young leaves appeared 8-9 days after inoculation 
followed by mosaic mottling 2-4 days later. The leaves were 
also deformed and the plants showed ronoral stunting. 
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NJcotlana j.'ibncuni L. cv. Hhopali (Solanaceae) : A distinct 
mosaic appeared in young and uninoculated leaves 8-9 days 
after inoculation followed by deformation and the plants were 
sli ',htly stunted. 
Nicotiana tabacum L. cv. GT A (Solanaceae): A vein clearing 
appeared 8-10 days after infection followed by defof*mation of 
leaves. Mosaic mottling appeared in leaves and the leaves were 
twisted as the disease progressed. The disease plants were 
also stunted. 
Nicotiana tabacum L. cvo Harisons Special (Solanaceae): Firstly 
a vein clearing appeared in newly emerging leaves 10-12 days 
after inoculation followed by mosaic mottling and deformation. 
The plants were stunted. 
Nicotiana tabacum L. cv. NP 37 (Solanaceae): A systemic mosaic 
developed in leaves 9-10 days aft'r inoculation followed by 
motting, deformation and slight twisting of leaves. The plants 
were severely stunted. 
Nicotiana tabacum L. cv. Turkish Samsun (Solanaceae): A faint 
vein clearing developed in leaves 12-14 days after inoculation 
followed by a slight deformation and mosaic mottling and the 
stunting of the plants. 
Nicotiana tabacum L. cv. Turkish Xanthi (Solanaceae): The 
systems appeared 11-12 days after inoculation with CYi-.V. A faint 
vein clearing appeared first followed by mosaic mottling and 
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slight deformation in leaves. The diseased plants were also 
stunted, 
Nicotiana tabacum L. cv. White Burley (Solanaceae): A vein 
clearing in leaves appeared 8-10 days after inoculation followed 
by mosaic mottling symptoms 3-^ days later. The leaves were 
reduced in size and deformed and the plants were ,,reatly stunted, 
Papaver rhoeas L. (Papaveraceae): A systemic mosaic appeared 
in leaves 13-15 days following inoculation with CYMV, The 
diseased plants also exhibited slight stunting. 
Peristrophe bicalyculata (Reiz) xNecs. (Acanthaceae): A mosaic 
appeared 7-8 days after inoculation. Newly emerging leaves were 
badly deformed and curled and shov/ed marginal necrosis. Axillary 
and spical buds also developed necrosis and died resulting in 
total arrest of the gro.-.th. Leaves dropped prematurely. How-
ever plants survived, as afterwards few buds developed from 
the base of the stem producing branches with highly reduced, 
curled and deformed leaves. 
Petunia hybrlda Vilra. (Solanace..e) : Kosaic moLtling appeared in 
young and uninoculated leaves 8-9 days after infection followed 
by deformation. Some leaves also showed necrotic spots. The 
plants were stunted. Flov.i.ring in diseased plants was very 
poor. Flowers remained small, lighter in color and were 
unattractive. 
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Physalis peruviana L. (Solanaceae) : r4osaic mottling appeared 
in young leaves 9-10 days after inoculation. As the disease 
progressed the symptoms became more severe. These include 
deformatiun and extreme reduction to thread like leaves. 
Hart'.ins and tips of the older leaves developed necrosis. Few 
necrotic spots also developed on stem and immature 2,eaves and 
the plants were stunted. Flowering in diseased plants was 
very poor. Flowers remained small and deformed and only few 
developed in to snail fruits with few seeds in them. 
Pisum sativum L. cvs. Bonneveili, Blue Bantom, Telephone 
(Papilionaceae): The plants developed chlorosis 6-8 days after 
inoculation followed by necrosis 2-3 days later, first in young 
parts, then proceeding downwards resulting in the death of the 
whole plant within 10-11 days after inoculation. 
Solanum nigrum L. (Solanaceae): A mild mosaic appeared on 
uninoculotod leaves 15-18 days after inoculation. The leaves 
were slightly twisted and deformed. 
Trichosanthes anguina L. (Cucurbitaceae): A vein clearing in 
leaves appeared 11-12 days after inoculation followed by mosaic 
mottling and deformation of leaves. Flowerin^ ^ was poor, Flov/ers 
r-^ 'mained small and dropped prematurely. 
Fig.2(a) Inoculated leaf of carrot cv. Danvers Half 
Long, showing yellow mosaic symptom. 
Fig.2(b) Gystemically infected leaf carrot (cv.Pusa 
Kesar) showing yellow mosaic and a little 
dt'form i tion. 
Fi;^ .2(c) tie'ilthy (Left) and disease i (Right) leaves 
oi carrot (cv. ^'anLns). Disfised Leaf showing 
stunting, slight curlin^, deformation and 
yellow mosaic symptoms induced by CYMV. 
2(b) 
i ' ' j .^ .5(a) " t ec ro t iu lucf i l lesion.-j m the l e a f o l C\]< riopodiuin 
altjum iiuJuced by CYMV ( L e f t : a h e a l t h y l t< i f ) 
hi^.i{b) Chenopodium mura le l e a f showing n t c r ' o t i c l o c a l 
l e s i o n s 
F i g . 3 ( c ) I n o c u l a t e d l e a f of Chenopodium a m a r a n t i c o l o r 
showing n e c r o t i c l o c a l l e s i o n s . 
i ' i |_,.3(d) D i s e a s e d l e a f of N i c o t i a n a c l e v e l a n d i i showing 
mo..aic mo t t l i ng , symptom. 
3(a) 
F i g . 4 ( a ) Nicotina tabacum cv. Anand-2: Lef t - A hea l thy leaf ; 
Right - Leaf showing ve in c l e a r i n g symptom induced 
by CYMV. 
^ i g . 4 ( b ) j i co t i ana tabacum cv. Ha r i son ' s Spf^cial: Left - A 
hea l thy l ea f , Right - A d i seased l e a f showing ve in 
c l e a r i n g symptom. 
F i g . 4 ( c ) Nicotiana tabacum cv.GT, : Leaves showing vein 
c lea r ing symptom induced by CYT-TV. Left - A hea l thy 
l e a f . 

'^ig.5(a) Nicotiana ^lutinosa : Left - A healthy leaf; 
Right - Systemically infected leaves showing , 
various degree of deformation and reduction 
of lamina forming a 'shoe string'. 
fig.5(b) Nicotiana tabacum cv. Turkish Xanthi : Left - A 
healthy leaf; Right - An inoculated leaf showing 
mild mosaic, reduction in size and deformation. 
f" 
F i g . 6 ( a ) iJico t lana tabacum cv. Bhopali : Left - A healthy-
leaf ; lU^ht - Leaves from d i seased p l a n t showing 
mosaic mot t l ing and defornia t ion. 
Fig.6^b) Nicotiana tabacum cv. GT/ : Lef t - A healthy-
leaf ; Right - Leaves frjm d i seased p l a n t showing 
mosaic and deformat ion . 

t ' ig.yCa) Nico ti ' ina tabacum cv. v\/hite Burle^y : Lecf t - A healthy-
leaf ; Right - Diseased l eaves showing mosaic mot t l ing 
r educ t ion in s i z e and deformat ion . 
Fig. 7(b) Nicotlana t'lbaojm cv. Anand 2 : Left - A hea l thy 
leaf ; Right - Leaves from inocu la t ed p l a n t showing 
mosaic mot t l ing and d e f o l i a t i o n . 
F ig .7 (c ) Nicotiana tabacum cv. Turkish Samsun: Lef t - A l e a l t h y 
leaf ; Right - Diseased l e j f showing mosaic mot t l ing 
and r e d u c t i o n in s i z e . 
7(a) 
7(b) 
.«r 
V 
% 
f 
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7(c) 
F i g . 8 ( a ) P e r i s t r o p h e b i c a l y c u l a t a : Left - A hea l thy 
p l a n t ; Right - Diseased p l a n t showing marked 
s t u n t i n g and poor f lower ing . 
F'ig.8(b) Nlcotiana trtba cum cv. H a r r i s o n ' s . ipecial ; 
Left - A hoMlthy leaf ; Right - Diseased l e a f 
showing mosaic mot t l ing an-i deformat ion . 
F ig .8 (c ) [Jicotiana r u s t i c a : Lef t - A hea l thy l ea f ; 
Right - Diseased l e aves showing mosaic and 
deformat ion . 
8(a) 
8(b) 
8(c) 
^'ic«9(a) Petunia hybride : A branch from inoculated plant 
showing deforration, curling and mosaic in leaves. 
P'ig.gCb) I4icutian?i plumbM^t^inirolia; Left - A healthy plant; 
Right - Inoculated plants showing severe stunting 
and deformation. 
Fig.9(c) Physalis peruviana t- Left - A healthy leaf; 
Right - Diseased leaves showing various degree 
of reduction in lamina forming a 'shoe string'. 
9(a) 
9(b) 
9(c) 
Fig.10(a) Nicotlartta sandarae : Left - A healthy leaf; 
RifehL - Diseased leaves showing mosaic mott l ing, 
s l i gh t curl ing and reduction in s ize . 
t ig .10(b) Trichosanthes anguina : Left - A healthy leaf; 
Right - Diseased leaf showing mosaic and 
reduction in s i z e . 
10(b) 
Chapter 5 
PROPERTIES CF THE VIRUS IN CRUDE PLANT SAP 
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Johnson (1927) for the first time suggested the use of 
characters such as thermal inactivation point, dilution end 
point and aging _in vitro in the identification of plant viruses. 
Since then,these characters are in regular use, as'aids,in the 
purification and characterization of plant viruses. Although 
these studies have a restricted value (Ross, 1964), they are 
of utmost importance in determining the procedure leading to 
the purification of the virus. In this chapter results of the 
e>cperiments performed to determine ageing lri,vi_tro, thermal 
inactivation point, dilution end point, effect of pH, effect 
of various buffers at different pH levels, ionic strength and 
the effects of some organic solvents are reported. 
Thermal inactivation point (TIP) : The infectivity of the sap 
obtained from _N. '••lutinosa plants inoculated with carrot yellow 
mosaic virus, was lost after hcing heated for ten minutes at a 
Lfiiiperature oi 60°C (Table 1). 
Table-1 Thermal inactivation point of carrot yellow mosaic 
virus. 
Temperature °C Average no, of local lesions/ 
leaf* 
Control 52 
40 45 
45 39 
50 6 
55 1 
60 0 
65 0 
70 0 
75 0 
80 0 
•>^  Local lesions developed on three plants having 5 leaves eacho 
69 
Dilution end point (PEP) : The viruis Isolate in crude sap 
-4 
re ta ined I t s a c t i v i t y when d i lu ted to 10 but l o s t I n f e c t i v l t y 
when d i lu ted to 10"^ (Table 2 ) . 
Table-2 Effect of d i l u t i on end point on the i n f e c t i v l t y of 
car ro t yellow mosaic v i ru s . 
Dilut ion Average nOo of loca l l e s i o n s / 
Leaf* 
138 
115 
68 
8 
1 
0 
0 
0 
Undiluted 
10" 
10 ' 
10" 
10" 
10" 
10 ' 
10" 
-1 
-2 
-3 
-4 
-5 
-6 
• 7 
* Based on 20 leaves of _C. amaranticolor 
Longevity _in vitro : The sap was obtained from N.glutinosa 
plants inoculated 10 days earlier, and was stored at room 
temperature (8-10°C), The virus in crude sap r^ -tained its 
activity for at least 96 hours, but lost inJectivity after a 
stora^ ;e of 102 hours at room tei .^ LI^ U Lure (Table-3). 
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T a b l e - 3 . E f f e c t of s t o r a , ^e of CYI-TV i n f e c t e d c r u d e s a p from 
J^. glirKj n o s q , a t room t e m p e r a t u r e (8° -18 ' 'C) 
Average n o . of l o c a l l e s i o n s / 
S t o r a g e i n hour l e a f * 
I m m e d i a t e l y a f t e r e x t r a c t i o n 109 
A f t e r 6 h o u r s 102 
" 12 ¥ 94 
" 18 " 65 
II 24 " 38 
" 30 " 32 
II 36 » 17 
" 42 " 16 
II 48 " 11 
" 54 " 10 
•• 60 " 8 
" 66 " 7 
II 72 II 4 
II 78 It 3 
" 84 " 2 
" 90 " 1 
" 96 " 1 
" 102 " 0 
" 108 " 0 
II 1 1 4 II 0 
" 120 " 0 
* Average of three plants with 6 lecves eacho 
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ID I,he r.nr.nu'i .".' L <>'' <'X iiprjincti I .•;, the infoctft] tjr.r.no 
from _N. /^lutlnosa plants, inoculated 10 days earlier, v;aG 
stored at Ireczln,, tt-rnperature. Two /'•nun ol the tis..ue was 
taken every week and macerated with A ml of 0.1M PO, buffer 
pH 7.0 and after filterin/ the macerate throurh double Inyers 
of cheese clothi, the sap was inoculated to 3 C. amgranticolor 
plants, to test the viability of the virus. At freezinp, 
temperature the virus retained infectivity for at least 5 
weeks, but lost infectivity v.-hen stored for 7 weeks at this 
temperature (Table-4). 
Table-4. Effect on stora^^e of diseased U. ,'^lutinosa sap at 
freezing temperature 
-n^-nn-'1 nr, Average number of local lesions 
per leaf* 
Infected sap soon after 
Extraction 86 
After one week 68 
Af ter two weeks 43 
After three weeks 32 
AT ter four .veuks 28 
After five weeks 11 
After six \jerks 3 
After seven weeks !\'il 
After eight weeks Nil 
After Nine weeks Nil 
* Average of 3 experiments with 3 plants^ each h' ving 5 leaves. 
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Effect of pH : The crude sap was obtained from N.p;lutlnosa 
plants 10 days after inoculation. The sap v/aj divided into 
12 aliquots of 10 ml each. The pH :;f the sap was adjusted 
to desir-ed level using 0.1M acetic acid or A'aOli. The axp, 
after adjusting, the pH was incubated Cor one hour at room 
t.-mptrature (13°C +_ 2°C) and then inoculated to three C. 
amaranticolor plants. Results of experiment showed that pH 
7.0 was the most suitable pH for maintaining the infectivity 
of the virus (Table 5). 
Table-5. Effect of pH on tlie infectivity of carrot yellow 
mosaic virus 
pH Number of local lesions/leaf* 
^.0 5 
4.5 12 
5.0 22 
5.5 26 
6.0 30 
6.5 45 
7.0 75 
7.5 54 
8.0 30 
8.5 13 
9.0 6 
-^ Avera,' e oi three expei'iiiicn Li. vvi ih three plants havin/; 
5 -eaves each. 
Effect of various buffers a t d i f fe ren t pH leve l s : In th i s 
experiment the effect of v'lriuus buffers ( ace t a t e , c i t r a t e , 
phosphate, borate) a t u i i f c r en t prl l eve l s en the i n f e c t i v i t y 
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of carrot yellov/ mosaic virus wos compared. Results of the 
experiment revealed that 0.1M phosphate buffer pH 7.0 provides 
the most suitable environment for indintaining the infectivity 
of the virus (Table 6 ) . 
Table-6. Effect of various buffers at different pH levels 
on the infectivity of CYTW. 
Buffers i pH ? No.of local lesions/leaf* 
0.1M Acetate buffer 
4.5 5 
5.0 9 
5.5 12 
6.0 1A 
4.0 3 
4o5 3 
0.1M Citrate buffer 5.0 17 
5c-5 18 
6.0 20 
4.5 12 
5.0 15 
5.5 30 
6.0 43 
0.1M Phosphate buffer 6.5 65 
7.0 112 
7.5 32 
8.0 16 
8.5 9 
0.1M Borate buffer 
7.5 21 
8.0 33 
8.5 63 
9.0 31 
* Avera,se of three experiments with 3 plants having 5 
leaves each. 
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Effec t of m o l a r i t y : ThiG experir-cnt v^ ao c a r r i e d out to 
dotcrniinc the moct i.ui t ab ic i o n i c i:trent':;th of phosphate 
buf fe r pH 7 . 0 , for ma in ta in ing the i n f e c t i v i t y of c a r r o t 
yellow mosaic v i r u s . Resu l t s of the experiir.ents given in 
Table-7 showed t h a t phosphate buf fe r pH 7,0 a t 0,1M i s the 
r 
most s u i t a b l e . 
Table-7 E f fec t of m o l a r i t y of PO^ buf fe r pH 7»0 on the 
i n f e c t i v i t y of CYTIV. 
Molar i ty Average no . of l o c a l l e s i o n s / l o a f 
0.01M 45 
0„1 :-. • 104 
0.2 M 76 
0.25M 32 
0 . 3 M 18 
Average of 3 exper iments with 3 p l a n t s having 5 l e a v e s 
each . 
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CONCENTRATION OF THE VIRUS IN DIFFERENT PARTS OF THE PLA^ fT 
AND AT DIFFERENT TIMES AFTER INOCULATION IN N. GLUTINOSA 
It is desirable to determine the concentration of the 
virus in different parts of the plants since the concentration 
in different tissues vary considerably (Black, 1955; Stanley, 
1939a,b). Also it is very important to determine the time when 
the virus attains the maximum concentration in the host. 
Majority of the viruses reach a peak of concentration at a 
certain time after infection. Thereafter the concentration of 
the virus in the host plant starts declining and then maintained 
at a low level (plack. 1955; Ross, 19-^ 1 b), 3o a virus must 
be extracted at a time when it:j concentration in the host plant 
is maximum. In this chapter the results of the studies made 
to determine the maximum concentration of the viru3 and its 
concentration in different parts of the plants are reported. 
(1) Concentration of the virus at different times after 
Inoculation In N. glutlnosa : 
Results of the experiment (Table-8) based on infectivity 
assay revealed that the plants contain little virus upto 4 days. 
However, the virus concentration then rises gradually and 
attain : maximum concentration at 10 day after infection. 
The plant at this sta,^ e showr- moniic mottlin-; symptom.s on 
the new emerging leaves. Thereafter the concentration of the 
virus jn t'^e plants startca declining, althou;;h the symptoms 
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became severe. Besides raocaic inottlin,';, the leaves also 
showed reduction in lamina and general deformation. After 
18 days the virus reached a low level and further its 
concentration did not vary sip;nificantly, 
Table-8. Concentration of the carrot yellow mosaic virus 
at different times after inoculation in 
N. rJutinosa. 
r^  ^4. -v,^  T 4-- Average no. of local lesions*/ 
Days after inoculation leaf 
2 Nil 
4 6 
6 37 
8 61 
10 127 
12 52 
14 50 
16 47 
18 42 
20 42 
22 41 
24 36 
26 36 
28 33 
30 33 
32 33 
* Based on 15 leaves of C. amaranticolor 
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(ii) Concentration of the virus in different parts of the 
plant : 
The concentration of carrot yellow mosaic virus in 
different parts of N. glutinosa plant e.g. stem, leaves and 
roots was studied. Results of the experiment given.in 
table_9 showed that the leaf tissue contains the highest con-
centration. The virus concentration in the stem was markedly-
less and it was lowest in the root. 
Table-9. Concentration of carrot yellow mosaic virus in 
different parts of _N. glutinosa, 10 days after 
inoculation. 
Plant parts Average no. of local lesionsVleaf 
Root 35 
Stem 48 
Leaf 79 
* Based on 15 leaves of C. amaranticolor 
/3^^^^.; 
Chapter 7 '° 
T R A N S M I S S I O N 
Transmission studies were carried out with the aphids, 
Aphis craccivora, A. gossypii, A. nymphae, Brevicaryne 
brasscicae, Macrosiphonella sp.. and Myzus persicae. Nymphs 
from the healthy colonies were starved for 1-2 hrs, and were 
then allowed different acquisition feeding times on diseased 
plants and inoculation feeding times on young and healthy 
plants of carrot and _N. glutinosa, after which the aphids 
were killed by spraying with 2 per cent dimecron. During 
acquisition and inoculation feeding the plants remained 
covered with microcages. After acquisition feeding nymphs in 
batches of 20 were transferred to young and healthy plants for 
inoculation feeding. The inoculated plants were transferred 
to glass house and kept under observation for the development 
of symptoms. Back inoculation from each plant to _C. amaranticolor 
was made to confirm the presence or absence of the virus. 
Results of the experiment given in table-10 suggest 
that carrot yellow mosaic virus is not transmitted by aphids 
in non-persistent, semipersistent or persistent manner. 
Transmission by dodder : Dodder transmission experiments were 
carried out usin'^  Cuso^ti reflrxa. Results of the experiments 
suggest that carrot yellow mosaic virus is not transmitted 
by dodder. 
la 
Tabie-10, ITansrnission of carrot yellow mosaic virus with 
Acryrthosiphon pi sum, Aphis craccivora, A'll£§ilY£ii» 
A_. nymphae, Brevicoryne Ijrassicae, Macrosiphonella 
spp, and Myzus persicae. 
AcquisitJ 
feeding 
1 min. 
2 min. 
5 min. 
15 min. 
30 min. 
1 hour 
2 hours 
6 hours 
12 hours 
24 hours 
35 hours 
48 hours 
Nematode 
.on Inoculation 
feeding 
1 
2 
5 
15 
30 
1 
2 
6 
12 
24 
36 
48 
transmission j 
min. 
min. 
min. 
min. 
min. 
hour 
hours 
hours 
hours 
hours 
hours 
hours 
; In both 
No.of plants 
inoculated 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
the experiments 
No,of plants 
a,nfected 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
carried out 
to determine the transmission of CYMV by nematodes^ no plant 
showed any symptom, sug esting that the CYMV is not transmitted 
by nematodes. 
Seed transmission : Approximately 500 seeds of each carrot 
cultivar (Danvers half long, Pusa kesar and Nantes) were 
tested for possiblP seed transmission. Results of the 
experiment showed no evidence of transmission of carrot yellow 
mosaic virus through seed. 
Chapter 8 
PURIFICATION 
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During purification some viruses lose much of the 
infectivity if proper cajfe is not taken at every step. It 
involves a number of steps for obtaining preparations 
suitable for investigating the properties of the vir\js. 
Selection of the host ; Out of the several hosts, CYMV 
attained highest titre in N. glutinosa 10 days after sap inocu-
lation. This host was also found to contain little amount of 
substances which interfere with the process of purification. 
So N^. ^ lutinosa plants were ur.ed in the purification of CYMV, 
Clarification of the sap : All the clarification procedures 
removed some green host material from the diseased sap obtained 
from _N. ,'^ lutinosa. However, most of the treatments removed 
much of the infectivity (TabJe_11). Only butanol together 
with 2% triton X 100 clarified the infected sap without 
reducin-^  much of the infectivityo Out of the several clari-
fying agents used, chlorofonri removed most of the infectivity. 
Acidification of the diseased sap resulted in the 
precipitation of the plant proteins but the treatment also 
caused great loss of infectivity (Table.ll). 
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Table-11« Effect of various clarifyin^^ agents, alone or in 
combinations and acidification on the infectivity 
of carrot yellow mosaic virus. 
Clarifying agent Supernatant Pellet 
I n f e c t i v i t y 
(No.of l o c a l 
l e s i o n s / 
l e a f * ) 
None 
Chloroform 10% 
Chloroform + Butanol 
10% (1 :1 ) 
Butanol 10% 
Butanol + 2 % 
Tr i ton X 100 
Bentoni te 2g/lOO ml 
Carbon t e t r a c h l o r i d e 
10% 
CC1,+ Butanol 10% 
(1:T) 
Acidification 
Green Green 85 
Light green Yellowish brown 02 
Light Yellow Brown 32 
Light yellow Light brown 58 
Light yellow Light brov/n 79 
Light yellow Light brown 39 
Light brown Light brown 28 
Light brown Light brown 46 
Light green Light green 13 
* Average no. of local lesions on each leaf of C.amaranticolor 
based on 15 leaves. 
Precipitation of the virus with Polyethylene glycol (PEG-
MW 6000) J 
Precipitation of the carrot yellow mosaic virus was 
tried using 4,6,8 and 10% PEG (MW 6000) In the presence of 
salt (0,2 M). Table-12 shows that PEG 8 per cent was found 
to be most suitable, causing very little loss of infectivity. 
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It precipitated most of the virus from the sap. PEG (10%) also 
precipitated the '^•irus to some extent from the clarified sap. 
All the virus does not seem to be p: •rr'cipitated by 4 and 6 per 
cent PEG. 
Table-12, Precipitation of the carrot yellow mosaic virus 
with PEG (MW 6000). 
Cone, of the PEG *No.of local Per cent loss of 
(NaCl 0.2 H) lesions/leaf infectivity 
4 per cent 13 11 
6 pel- cent 20 65 
8 per cent 48 15 
10 per cent 30 48 
Control (Clarified 
buffered extract) 57 
* Average no. of local lesions/leaf developed on 3 plants 
having 5 leaves each. 
Density gradient centrifug;atlon : 
Most of thf extraneous matter from the partially 
purified preparation was removed by rate zonal density gradient 
centrifugation using a Spinco 25o1 rotor in L-3-55 Beckraan 
preparative ultracentrifuge. Two ml of the partially purified 
virus was loaded on each tube and the centrifugation was 
continued for 3^ hours at 24,000 rpm. 
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Examination of tubes in a dark room after rate zonal 
density gradient centrjfugation by projecting a narrow beam 
of light from the top, revealed a sin/',le light scattering 
zone 21-24 mm below the miniscus. Material removed from the 
zone when inoculated to carrot and _N. /^ lutinosa produced 
typical symptoms of CYMV. 
Isolation and infectivity of RNA 
The RNA isolated by phenol-detergent method, was found 
to be highly infectious. UV absorption studied of the isolated 
RNA shov/ed maximum absorption at 258 nra an^ minimum at 238 nm. 
Isolated RNA when inoculated to C, amaranticolor plants 
produced characteristic local lesions. RNA treated with 
pancreatic ribonuclease when inoculated to assay host 
(_C. amaranticolor) failed to cause infection, suggesting that 
the isolated infectious nucleic acid preparation is in fact 
that of RNA. 
Adopted method of purification of carrot yellow mosaic virus : 
Two hundred and fifty grammes of infected N./^ lutinosa 
leaves from plants inoculated 10 days earlier were homogenized 
in a waring blender with 500 ml of 0,1 M phosphate buffer pH 
7.0. The homogenate v/as filtered through double layers of 
cheese cloth. Sap thus obtained was subjected to low'speed 
centrifugation (10 min at 750 rpm). To this supernatant 
(500 ml) was adied 50 ml butanol and 10 ml of Triton X-100 
with continuous stirring on a magnetic stirrer for half an 
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hour, then incubated for one hour a t 4*0. The mixture was then 
centrifuged a t 10,000 rpm for 10 minutes. The p e l l e t contain-
ing the p lant material was discarded and the supernatant 
( c l a r i f i ed sap) was used in further pu r i f i c a t i on . Thirty two 
grammes polyethylene glycol (PEG-MW 6000) was added to the 
c l a r i f i e d sap (400 ml) in the presence of NaCl (4.64 g for 
400 ml sap) with continuous s t i r r i n g on a magnetic s t i r r e r . 
The s t i r r i n g was continued for half an hour. The mixture was 
incubated for "]•) hour and thnn centrifuged for 20 min a t 10,000 
rpm. The supernatant was discarded and the p e l l e t containing 
the virus w-^ .s dissolved in 100 ml buffer. Triton X-100 {2% V/V) 
was added to the solut ion with continuous s t i r r i n g for 15 min. 
The mixture v/as incubated for 30 min a t 4''C and then c e n t r i -
fuged for 10 min a t 10,000 rpm. The p e l l e t v/as discarded and 
supernatant was centrifuged for 120 min a t 35,000 rpm. The 
p e l l e t was dissolved in 50 ml buffer and dlalysed ovpr'ni"-ht in 
a coliulo^e 'va/,. The rJ.xture was then C('ntrifu/';ed a t low spepd 
and the p e l l e t discarded, whereas the supernatant was subjected 
to another cycle of high speed (2 h a t 35»000 rpm) and low 
.speed (10 rain a t 7550 rpm) cent r i fuga t ion . After the l a s t 
hi ^h speed the p e l l e t s were dissolved in 15 ml buffer . Tv/o ml 
of t h i s v i rus suspension was loaded a t the top of each tube on 
a sucrose densi ty gradient column. The tubes v;ere centrifuged 
in SW 25.1 ro tor for 3 i hours a t 24,000 rpm. The v i rus 7,one 
s i tua ted 21-24 mm belov^ the menisciis was rem> ved by a hypo'iermic 
nee-dle bent twice a1 r l 1; 1. -m^los. To the material obtainec' 
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from the virus zone was added phosphate buffer pH 7oO and 
then the virus pelleted with a hi,;;h speed centrifugation. 
The pellet was dissolved in 10 ml of buffer and subject to 
low speed centrifugation. The suspension thus obtained was 
apalescent and highly infections. 
86 
Flow diagram of adopted method for the purification of carrot 
yellow mosaic virus : 
Macerate 250 g infected N.glutinosa leaves in 500 ml 
0.1 M phosphate buffer pH 7.0 in a waring blender 
Squeeze through double layers of 
cheese cloth 
Centrifuge for 10 min at 7500 rpm 
Pellet discard 
Supernatant 500 ml 
Add 50 ml butanol + 10 ml Triton 
X-100 with continuous stirring for 
30 min 
Keep for 60 min at 4'C 
I 
htriJ Ce .fuge at 7500 rpm for 10 min 
Pellet discard 
Supernatant discard 
Pellet discard 
Supernatant 400 ml 
Add 8% (W/V) PEG (MW 6000)+4.64 g 
NaCl with continuous stirring 
Keep for 90 min at 4«'C 
Centrifuge for 20 min at 10000 rpm 
Tellet 
Dissolve in 100 ml Phosphate buffer 
0 .1 M, pH 7.0 
Add 2 %(V/V) T r i t on X-100 and s t i r 
for 15 min 
Keep for 30 min a t 4»C 
Centr i fuge for 10 min a t 10000 rpm 
Superna tan t 
Centrifuge for 120 min at 35000 rpm 
Supernatant discard 
Pellet 
Suspend m 50 ml buffer 
I 
Di'alyse for 12-15 h a t 4*'C 
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Centrifuge for 10 min at 10000 rpm 
Pellet discard 
Supernatant discard 
Pellet discard 
Supernatant 
Centrifuge for 120 rain at 35000 rpm 
Te. 
Suspend in 15 ml of 0.1M phosphate 
buffer pH 7.0 
I 
Centrifuge for 10 min at 10000 rpm 
illet 
Supernatant 
(Virus suspension) 
Fig.11 Rate zonal density gradient centrifugation 
of carrot yellow mosaic virus in sucrose 
gradient for 3i h at 24000 rpm„ 
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Chapter 9 " 
PROPERTIES OF THE VIRUS 
UV absorption spectrum : Material from the li^ht scattering 
zone obtained after rate zonal density gradient centrifuga-
t 
tion wac removed from the tube and examined for UV absorption 
spectrum in a DU-6 Beckman UV-Spectrophotometer, The sucrose 
was removed from the virus suspension by mixing the virus 
with 0.1 M PO^ buffer pH 7.0 and ultracentrifugation for 2 h 
at 40,000 rpm. The pellets after high speed centrifugation 
were dissolved in PO- buffer and subjected to low speed cen-
trifugation (7500 rpm for 10 min)o The pellet was discarded 
and the supernatant containing the purified virus was used. 
Carrot yellow mosaic virus particles gave a spectrum typical 
of nucleoproteins having maximum absorption at 258 nm and 
minimum at 238 nm. 
Amount of the nucleic acid in the virus particle j 
The amount of the nucleic acid in the CYMV particle 
was estimated by interpolation of the observed data on A 260/ 
A 280 ratio in the graph, illustrating the relation between 
nucleic acid percentage of purified virus and their A 260/ 
A 280 ratios (Gibbs & Harrison, 1976). This ratio for CYMV 
was estimated to be 1,23, suggesting the presence of about 
5-6 per cent nucleic acid in the virion (Table 13). 
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Table-13. UV absorption spectrum of purified CYMV. 
Maximum absorbance 258 nm 
Minimum absorbance 238 nm 
A 260 1.3350 
A 280 1.0830 
A 260/ A 280 1.23 
A Max./ A Kin. 1.14 
Amount of nucleic acid 
(Gibbs & Harrison,1976) 5-6 per cent 
Electron microscopy ; electron microscopy of the sample 
removed from light scatterin- zone after sucrose density 
gradient centrifugation was done in Philips model EM 400 
Electron Microscope. I\lumerous elongated slightly flexuous 
rods measuring about 950 x 21 nm were observed. Dip prepara-
tions when examined under electron microscope revealed the 
presence of similar particles (Fig„12,13). 
Fi t .1? Electron micrograoh of dip preparat ion of 
car ro t yellow mosaic vi rus negatively stained 
with 2^ uranyl aceta te 
^Ip 
Ki 
1 12 
Fig.13 Electron micrograph of purified preparation 
of carrot yellow mosaic virus negatively-
stained with 2% uranyl acetate 
«• 
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F i g . 5^.1 U l t r a v i o l e t a b s o r p t i o n s p e c t r u m of c a r r o t y e l l o w 
mosa ic v i r u s ( P u r i f i e d ) , s u i t a b l y d i l u t e d i n 0.1M 
PC, b u f f e r pH 7 . 0 so a s to have maximum a b s o r b a n c e 
below 20 a t 260 nra. 
Chapter 10 9 0 
S E R O L O G Y 
Serology is regarded as an indispensible tool in virus 
research in unravellinj^ inter-relationi:hip amon : groups and 
dia[;,nor.i.s of thn disear>e. Serological methods were first 
applied to plant viruses by iJvorak (1927) and the specificity of 
the serological reactions o£ plant viruses was established by 
Purdy (1928) and Beale (1931). Chester (1935, 1937) used 
serological results in the classification of plant viruses. 
Antiserum prepared in rabbits against carrot yellow 
mosaic virus reacted specifically with purified virus prepara-
tion, A flocculent type of precipitate was formed when the 
antiserum was mixed with the purified virus preparation in 
precipitin tests. CYT-IV appears to be moderately immunogenic 
having a titre of 1:1024, as revealed by microdrop precipitin 
tosts. 
Crude sap from diseased J_J, p;lutlnosa plants and the 
purified virus reacted specifically in the agar gol double 
dif.usion tests. Precipitation lines were formed between 
antiserum well and the well containing the diseased sap. No 
precipitati >n lines were formed between the antiserum v;ell 
and the well containing healthy plant sap (Fig.14), 
Purified preparation of CYI-TV was tested a,-,dinst anti-
sera of tobacco mosaic virus, potato virus Y, celery mosaic 
vir'us type str-ain, parsley strain of celery mosaic virus, 
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poison hemlock strp-in of celery mosaic virus, parsnip mosaic 
virus and turnip mosaic virus in agar gel double diffusion 
tests. The central well contained purified virus and the 
peripher-il v.»ells contained the antisera. No line of preci-
pitate was formed between any of the above antisera and the 
purified vJ.rus, Precipitation line developed only between the 
well containing purified CYT4V and the antiserum prepared 
against it., These studies indicate that CYVN Jr. serol ogi call y 
unrelated to tobMCCO mosaic, potato Y, celery mosaic (type 
strain, parsley strain and poison hemlock strain), parsnip 
mosaic and turnip mosaic viruses. 
Fi£>l4 A^ar-^el double diffusion test ;;howing precipi-
tation lines between antiserum .veil (a) and 
the well containin^: purified virus (b), as well 
as between antiserum /;ell (a) and the well 
containing diseased sap (c). Other wells contain 
healthy sapo 

Chapter 11 q 2 
DISCUSSION 
The v i r u s s tud i ed he re in JCarrot yel low mosaic v i r u s 
(CYMV) J i s sap t r a n s m i s s i b l e . Symptoms in c a r r o t appeared 
10-15 days a f t e r i n o c u l a t i o n . The d i seased p l a n t s were s tun t ed 
l e a v e s were reduced in s i z e , s l i g h t l y cur led and showed yellow 
mosaic symptoms. I t has a wide hos t range i n f e c t i n g s p e c i e s 
of p l a n t s d i s t r i b u t e d in 10 f a m i l i e s . I t induced n e c r o t i c 
l o c a l l e s i o n s in Chenopodium album, _C. amaran t i co lo r and _C. 
murale ( a l l belonging to family chenopodiaceae) . I t did not 
evoke v i s i b l e symotoms in P r a s s i c a rapa cv . Purple Top w h i t e , 
Raphanus s ^ t i v u s cv, Fa izabad i ( C r u c i f e r a e ) , Centaurea moschata 
(Compor.itao), S t e l l a r i a media ( C - r y o p h ; l l a c e a e ) , Cori-mdrum 
•vttlvum and Pet rose l inui r hor tense (Umbe l l i f e r ae ) , but jnff c ted 
them s y s t e m i c a l l y ac v i r u s could be recovered on back i n o c u l a -
t i o n to C, a m a r a n t i c o l o r . They a r e , : ,herefore , symptomless 
c a r r i e r s of t h i s v i r u s . Two hun rod f i f t y e i g h t sp c i e s d i s -
t r i b u t e d in for ty angiospertr • "mii ic;; v-^ r^e found i n s u s c e p t i -
b l e . CYMV i s moderately s t a b l e , having age ing _ln v i t r o of 
102 * ours a t room tf^ iii; pr - i tnre (8-18°C) and seven wc^ks a t 
freezin^, t empera ture . This v i r u s i s o l a t e has a d i l u t i o n end 
p o i n t bet\v'ei"n 10 ' a .d 10 ' I'l '- '-.I'^l J t 'C t iv ti'>ri ^..oint 
bet..e'.-u 3'J aa.i 60°l. ?:"• neu ^ ' 1 i ' '-J' '-'^ i'ound ro re no'-1 
s u i t i l l e pli for- ra i i '. t • LniHt^  I • i a ' . e c t i v i t y of • rio vi.-'u.. i ,ol <j 
I. if I i!(- -••ver'l bu i . fTs te". r,'"' ()„1 f. ; b J :;'-i t*' bu' ' ^ r pji y.(^ w 
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the best. Out of the various clarifying agents tried, sodium 
bisulphite washed butanol proved to be most suitable, whereas 
chloroform caused almost total loss of infectivity. The virus 
attained highest titre in _N. ^ lutinosa 10 days after mechani-
cal inoculation. Thereafter the concentration started declin-
ing althoui^ h the symptoms became severe. After 18 days the 
concentration reached a low level and further, its concentra-
tion did not vary sif^ nif icantly. Though all plant parts con-
tained the virus, its concentration in the leaves was found 
to be highest. 
Seven aphids viz. Aphid craccivora, A. r;ossypii, A. 
nymphao, Acyrthosiphon pisum, Brevicoryne brassicae, 
Macrosiphonella sp, and Myzus persicae failed to transmit 
the virus by any mode of transmission. 
The virus was purified from _N. glutinosa plants inocula-
ted 10 days earlier. The sap extracted with 0,1 M phosphate 
buffer pH 7.0 was clarified by using 10% butanol and 2% triton 
X-100. The virus was precipitated by using 8% PEG (MW 6000). 
Preciptate wac dissolved in extraction buffer and dialysed for 
12 hours. It was then subjected to two cycles of differentia] 
centrifugation. Further purification was acheived by subject-
ing t'-ie partially purified vifus to dcnsi-ty gradient centri-
fugation for 3i hours. Exam J n;'t ion of the tuboo nfter m te 
zonal density gradient centrifu'^ation revealed the prer.ence 
of only one light scattering band 21-24 mm below the meniscus. 
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Material removed from the band whrn ino';ulated to SLu:ccptlble 
hosts caused infection and also evoked local lesions on test 
hosts. 
IT/ absorption studies were carried out in Beckman DU-6 
spectrophotometer. The virus particles jave a spectrium typical 
of nucleo-proteins, maximum at 2'5& nm and minimud at 238 nm. 
Carrot yellow mosaic virus particle is a long flexuous 
rod measuring about 950 x 21 nm. 
Antiserum prepared in rabbits against CYIW was found to 
be moderately immunogenic having a titre of 1:1024, as rove-\led 
by microprecipitin tests. In agar gol double diffusion tests 
precipitation lines were formed between antiserum well and the 
well containing the purified virus, as well as between the 
antiserum well and the well having diseased sap. In serolorical 
studies with the antisera of tobacf;o mosaic virus, potato virus 
Y, celery mosaic virus (type strain, parsely strain and poison 
hemlock strain), parsnip mosaic virus and turnip mosaic virus, 
no serological relationship was found. 
The virus isolate under study (CYMV) shared symptomatology 
host range, biophysical properties and particle tmrpholof^ y with 
thp members of potato virus Y f^ roup. Several members of this 
group can inf-^ ct carrot and other members of family Umbelliferae, 
e.g. carrot latent virus, carrot mos-^ ic virus, carrot thin-lenf 
virus,celery mos 'ic vir'us, parsnip nos 'ic virus and parsnip 
yellow fieck virus. 
!f5 
Chod (1965a, 1965b, 1966) reported the natural occurrence 
of carrot mosaic virus (CMV) on carrot in Czechoslovakia. 
CYKV differs from Cl'W in symptoms on carrot, host ran-^e, 
properties in crude sap, aphids transmission and patricle 
morpholop;y, CYI^ FV did not pro'iuce visible syr.ptoms in coriander 
and parsely, but was latent in these hosts. It also did not 
r 
infect celery, whereas in all these hosts CMV induced visible 
symptoms. CMV is transmitted by aphids whereas CYMV is not. 
The particle of CYT'TV is much lon;',«r an^ l wider than that of CF.V. 
Camarr^o _e_t al_, (1971 a, b) described CMV from Brazil. The virus 
inducea mos-iic and malformation in carrot and was transm.itted 
by sap and aphid. Although it produced somewhat simil-ir 
symptfjm.s in carrot but it differs v/ith CYMV in having aphid 
transmission, host ran,'j;e an: particle size. Cov/pea wr.i'-.h \/as 
found to be a differential host of CMV is a non host of CYI-IV. 
The other virus of the potyvirus group v/hich calls for 
a compai'ison is celery mosaic virus (CeMV). This virus has 
a narrow host range (restricted to family umbelliferae). CYI-IV 
has a fairly wide host ran,",e infecting several members out-
side family Umbelliferae. CeMV is rransmitted non-;>ersistently 
by several aphid species , but seven aphid species tested 
includin,;^ ^ two which transmit CeMV failed to tr'ansmit CYMV. 
CeMV inflects sev ral celery cultivars, An^thum raveolens, 
Carum carvi and parsley which ire non hosts of CYI-IV except 
parsley which Is a syrriptomlf.';; arricr, Hoth t'o viruses have 
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flexuous rod shaped particloG but the particles of CYMV are 
much wider and lonf^er. Moreover, the present isolate did 
not show any serolo-ical affinity with the CeMV. 
Celery latent virus (CLV) described from Netherlands 
by Bos _e^ a]^. (1978) appears close to the present isolate in 
symptoms on celery, not beinr transmitted by aphids and 
particle morphology to some extent, but CYT-TV did not infect 
spinach and crimson clover which are latent hosts of CLV. CYI'?/ 
also did not infect Amaranthus caudatus, CLV is also tr-insmitted 
by coeds jjcoreliac upto 5^%, C. guinea upto 67% and Amaranthus 
Caudatus). Seeds from plant (carrot and tobacco) infected with 
CYI^ iV did not carry tne virus. 
CYT'IV differs from 'viral die back' of carrot (3ijk and 
Bos, 1985) in symptoms on c ,rrot and other hosts, since CYI'.V 
ui(j not cause 'die back' or necrosis in any host except pea, 
Physalis peruviana and Peristrophe bicalyculata. Also CYMV 
is not transmiLte; by aphids whereas 'die back' disease is 
V ctored by Cavariella aecapodii, 
CYriV differs from c rrot thin loaf virus (CILV) 
(Howell and Mink, 1976a)in symptom expression on carrot and 
its inability to infect parsnij, endiv' -'nci -".innia which are 
the ,y; Lemic ho.;ts of CFLV. a t " oth^ -r hand CYPiV infects 
several neriiier's of i.-mily, ool -.n c^ac e » C p.^icui -mnuum, 
J. jTlutinosa sev>'r"l cultiv'rs of _. tanaci'm, Petuni"' hybri ia 
and Physalis peruvian , a'l tnese are non-hos^s of CII.V. 
9? 
CYMV has same d i l u ' i m end . o i n t , s l i h t ly hi, t; r thor ' - ' i l 
i n a c t i v a t i o n p o i n t and lon; :evi ty in v i t r o h i j h e r by 54 hours , as 
compared to c a r r o t t h in l e a f v i r u s . ii j t h th>e v i r u s e s have 
f lexuous elon,7:ted p a r t i c l e s but the p a r t i c l e of CYMV i s much 
longer and broader t h \ n CTLV, CTLV induced ve in clearin,.';; 
and th in l e a f symptoms as v/cll as m o t t l i n g and t..'is,tin,;; of 
leaves i n c . r r o t and c o r i a n d e r but CYT:V d id not produce ve in 
c l e a r i n ' and mot t l i n j , i n c a r r o t and was I n t e n t Ln c o r i a n d e r . 
Several aphids f a i l e d to t.'ans!?iL CTiN wher.^as CTLV i s vec to red 
rivn p e r s i s t e n t l y by K. p e r s i c a e and _C. aei'.opod i i i . 
Murant and Munthe (1967) i s o l a t e d a virus from parsnip 
which thny nari'ed as pcirsnip mosaic v i m s (PIW). PMV i s t ran . , -
m i t t e i non p e r s i s t e n t l y by Cgvar i t ' l l a a e g o p o d i i , . C. t h o o b a l d i i 
and M. p e r s i c a e ; had a d i l u t i o n end po in t of 10 , thermal 
i n a c t v i a t i o n p o i n t betwe n 30-59*C and a ^ein;: _in v i t r o of 
7 d.^yj a t room t empera tu re . CYl'W i no t t r a n s m i t t e d by a p h i d s , 
has j J i r h t l y hi,^her d i l u t i o n eni p o i n t , same thermal i n a c t i v i a -
t i o n po in t and a.-^ein ;^; _Ln v i t r o It s.'.er by 66 hours compared to 
PMV. iH'th t e v i r 'uses arn e loupated s l i f . h t l y f lexuous p a r t i -
c l e s but the p a r t i c l e of CYIW i s lon^-jer than PMV. 
Seven d i f f e r e n t v i r u s e s of c - r r o t were recorded to 
occur in 'IDR (,/olf and Schnt'l z^r , 1973), but nwf,^ ^ of t.h.-r 
r ' sei'iL'l ed CYKV in s 'mptomr-. on c i r r ' o t , hos t ran >, propp'^-tior. 
or the v i r u s in c u d o s a " , se ro logy and par f^cJo rmrpholo y . 
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The s i ze and rncrrihology of tn ,^- v i r u s p a r t l c l t ' hos t r-iiige 
and b iophys ica l p r o p e r t i e s 3u^,;:est the i n c l u s i o n of t n i s v i r u s 
in poty v i r u s group Lut the ibrence J1' i nc lu s ion b o . i e s and lack 
of aphid i,r,-insmi3oion preclu'i^* thir. p-js:,i Di l i t y . CYhV i.s not 
i den t i c - i l to any c--irrot vii'u.. r - p o r t e d so f a r . 'C'fKV r(se:;.Ll6s 
in sever'al r e s p e c t s to CLV thou^^h i t d i l f e r s frurn 'JLV i s not 
f 
ceing C'lrried through the seed of infected plants. 
CY>'7 may be a distinct strain of CLV. A detailed study 
of DOth the viruses is imperative. Tentatively for the present 
isolate causing yellow mosaic oi. carrot the name carrot yellow 
mosaic virus (R/*: */* : E/E: S/*) is suggested. 
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SUMMARY * ^  
A virus disease of carrot (Paucus oarota L.) prevalent 
in Kasimpur area of Aligarh (U.P.,India) was studied. The 
diseased plants were stunted and leaves had yellow mosaic symp-
toms. The virus had a wide host range infecting 37 species of plants 
distributed in 10 families. It induced necrotic local lesions 
in Ghenopodium album, £. amaranticolor and C_. murale and was 
latent in Brassica rapa cv. Purple Top White, Genta-area moochata, 
Coriandrum sativum, Petroselinum hortense, Raphanu^ sativus and 
Stellaria media. Two hundred fifty eitjht species distributed in 
forty angiosperm families were found insusceptible. CYMV had 
ageing in vitro of 102 hours at room temperature (8-l8°G), dilution 
-4 -5 
end point between 10 and 10 and thermal inactivation point 
between 55 and 60*C. Of the several buffers tested 0.1M phosphate 
buffer pH 7c0 was found to be the best for maintaining the infecti-
vity of the virus isolate. 
CYMV is sap transmissible. Jeven apnids viz. Aphis craccivora, 
A* Kosasypii, _A. nymphae, Acyrtho^^iphon pisum, Brevicoryne brassicae, 
Macrosiphonella sp. and Myzus persicae failed to transmit the virus 
by any mode of transmission. It is not transmissible by dodder or 
by seeds. 
The virus was purified from N. filutinosa plants inoculated 
10 days earlier. The sap extracted in 0.1M PO^ buffer pH 7.0 was 
clarified by using 10% butanol and 2% triton X 100. The virus was 
113 
precipitated by using 8% PEG (MW 6000). Precipitate was dissolved 
in extraction buffer and dialysed for 12 hours. It was then 
subjected to two cycles of differential centrifugation. Further 
purification was achieved by subjecting the partially purified 
virus to density gradient centrifugation for 3i hours at 24000 rpm. 
Examination of the tubes revealed the presence of only one light 
scattering zone 21 - 24 mm below the meniscus. The virus particles 
gave a spectrum typical of nucleoproteins, maximum at 258 nm and 
minimum at 238 nm. Carrot yellow mosaic virus particle is a long 
flexuous rod measuring about 950 x 21 nm. 
Antiserum prepared against CYMV was found to be moderately 
immunogenic having a titre of 1:1024. No serological relation-
ship was found with tobacco mosaic virus,potato virus Y, celery 
mosaic virus (type strain, parsley strain and poison hemlock 
strain), parsnip mosaic virus and turnip mosaic virus. Host range, 
biophysical properties, size and morphology of the virus particle 
suggest the inclusion of this virus in potyvirus f^ roup but the 
absence of aphid transmission preclude this possibility. This 
virus isolate is not identical to any carrot virus, reported so 
far. CYMV resembles in several respects to carrot latent virus 
(CLV) though it differs from CLV in not being carried through the 
seed of infected plants. 
CYMV may be a distinct strain of CLV. A detailed study of 
both the viruses is imperative. Tentatively for the present 
isolate causing yellow mosaic in carrot, the name carrot yellow 
mosaic virus (R/^ ,^ */^ »^ ^/R» S/^ ) i::^. suggested. 
